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* 

METHOD AND APPARATUS FOR GAS PLASMA TREATMENT WITH CON- 
TROLLED EXTENT OF GAS PLASMA, AND USE THEREOF 



5 DESCRIPTION 

1, BACKGROUND OF THE INVENTION 

^ The present invention relates to a method of controlling 
10 the extent of gas plasma, a plasma treatment apparatus 
with controlled extent of gas plasma, and use thereof in 
plasma treatments and plasma-assisted surface modifi- 
cation of electrodes and substrates, preferably including 
plasma cleaning, plasma etching, plasma activation, and 
15 plasma deposition of electrodes, substrates, or both. 

The Technical Field 

Generally, in a plasma treatment apparatus comprising 
20 plasma generating electrodes and optionally other objects 
arranged within the generated plasma, contamination of 
the plasma generating electrodes increases the electrode 
resistance over the electrode-gas interface. Such an in- 
creased electrode resistance affects the plasma genera- 
25 tion conditions e.g. by lowering the average plasma power 
density at constant voltage supplied to the electrodes. 

■ 

Some effects of increased electrode resistance can be 
remedied by increasing the voltage supplied to the elec- 
trodes. However, at high voltages, the risk" of spark gen- 
30 eration is increased thereby reducing the reliability of 
the apparatus . 

Also, contaminated plasma generating electrodes and op- 
tionally other contaminated objects contaminate the 
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treatment plasma gas, e.g. a deposition gas or an etching 
gas for a subsequent plasma treatment. 

Electrode contamination can be reduced by including an 
5 electrode-cleaning step, e.g. a manual or an automatic 
cleaning treatment of the electrodes, before each sub- 
strate treatment process. However, generally electrode 
cleaning requires the apparatus to be shut down during 
the cleaning process, which is both time consuming and 
10 reduces production efficiency. 

Further, for electrode cleaning comprising plasma clean- 
ing of the electrodes by a plasma cleaning gas, the 
plasma cleaning of electrodes may negatively affect other 
15 objects present in the plasma apparatus, e.g. sensors, 
such as deposition monitoring sensors, plasma intensity 
sensors, sputtering electrodes, substrate holders, and 
substrates of which some are desired to be cleaned while 
others are not . 

20 

Therefore, there is a need for a method and apparatus for 
plasma treatment which allow for plasma electrode clean- 
ing without negatively affecting surfaces of components 
and substrates inside the plasma apparatus. 

25 

Prior Art Disclosures 

Methods and apparatus for sub-radio frequency gas plasma 
deposition are disclosed in EP 0 741 404, WO 00/44 207, 
30 and WO 02/35 895, however, none of these prior arts re- 
lates to control of extent of plasma for improving plasma 
treatment, in particular plasma treatment productivity 
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US patent No.' 6 379 575 discloses an apparatus and pro- 
cess for treating and conditioning an etching chamber,, 
including cleaning etch residues on the walls and com- 
ponents thereof , the cleaning step comprising providing 
5 an activated cleaning gas by applying micro wave or RF 
energy and introducing the activated cleaning gas at a 
high flow rate into the etching chamber. 

US 5 817 534 discloses a RF plasma reactor with a capa- 
10 citive cleaning electrode for cleaning during processing 
of semiconductor wafers. 

US 5 514 24 6 discloses a plasma reactor and a method of 
cleaning away material adhering to its internal walls , 

.15 the method comprising injecting a cleaning gas into the 
reactor, said cleaning gas being activated between a pair 
of capacitive-coupled conductors at least one of which is 
externally of the reactor, and drawn in the direction of 
the external electrode impacting and cleaning away the 

20 adhered material. 

2. DISCLOSURE OF THE INVENTION 
Object of the invention 

25 

In an aspect, it is an object of the present invention to 
seek to provide an improved method and apparatus for 
plasma treatment of objects. 

3 0 In particular such a method and apparatus exhibiting im- 
proved productivity. 

It is a further object of the present invention to seek 
to provide such a method and apparatus wherein, during 
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plasma electrode cleaning, objects to be plasma treated 
can be present in the plasma apparatus. 

Further objects appear from the description elsewhere, 

5 

Solution According to the Invention 

"Method of controlling the extent of plasma" 

Even though there have been a need for cleaning plasma 
generating electrodes placed in a plasma generating 
reactor during plasma treatment of a substrate in a 
simple and fast way f it has not until now been suggested 
to clean such electrodes with the substrate is within the 
plasma generating reactor during the cleaning thereof. 

The invention in this aspect thus provides a very 
effective and simple method of plasma treating a 
substrate and cleaning the electrodes before and/or after 
20 the plasma treatment of the substrate. 

Thus it has not until now been considered possible to 
clean an electrode with a substrate within the plasma 
generating reactor without damaging the substrate . 

25 

The plasma generating reactor being defined as the space 
.within which gas can move without hindrance when the 
plasma is turned of (e.g. immediately prior to turning 
on the plasma) and which includes the plasma zone when 
3 0 the plasma in turned on. 



10 
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In an aspect, according to the present invention, these 
objects are fulfilled by providing a method of control- 
ling the extent of gas plasma, the -method comprising: 

5 (A) providing a gas zone, said gas zone comprising a gas 
having a pressure; said gas comprising at least one gas 
component allowing generation of a plasma; 

(B) generating a plasma in said gas zone by supplying a 
10 potential difference between at least two electrodes; 

•said at least two electrodes being configured to wholly 
or partly encompass said gas zone; and 

(C) controlling the extent of said generated plasma by 
15 controlling at least one of: said gas, said pressure, 

said potential difference, and said configuration of said 
at least two electrodes; 

whereby the distribution of plasma and the exposure to 
20 plasma of objects or parts of objects in a plasma treat- 
ing apparatus can be controlled. 

This control of extent of plasma can be used to improved 
productivity- of plasma treatment methods, including plas- 
25 .ma treatments such as plasma etching, plasma deposition, 
and plasma metallization of substrates, as well as plasma 
cleaning of electrodes and other objects of the appara- 
tus, including plasma sensors, and deposition sensors. 

30 For example, a controlled plasma distribution allows ex- 
posure of electrodes without exposing other objects to 
the plasma, e.g. a substrate or a part thereof, whereby 
electrodes can be cleaned by plasma cleaning in presence 
of substrates and a separate process step for electrode 
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plasma cleaning can be avoided. This saves time otherwise 
used to shut down the apparatus and to evacuate the appa- 
ratus once the electrode has been cleaned and the new 
substrate has been introduced in to the apparatus. Con- 
5 sequently r the number of plasma treated substrates per 
unit time can be increased. 

Further , a controlled plasma distribution allows exposure 
of selected objects or parts thereof whereby contamina- 
10 tion thereof by plasma deposits can be reduced or 
avoided. 

Thus the invention in particular relates to a method of 
plasma treating a substrate further comprising the step 

15 of cleaning one or more plasma generating electrodes 
while the substrate and one or more plasma generating 
electrodes is present in the same reaction chamber , the 
method includes the step of adjusting the plasma zone so 
that the substrate is within the plasma zone during the 

20 plasma treatment thereof, and is out of the plasma zone 
during the cleaning of the one or more plasma generating 
electrodes . 

In one embodiment the method of plasma treating a 
25 substrate comprising the step of cleaning one or more 
plasma generating electrodes while the substrate and one 
or more plasma generating electrodes is present in the 
same reaction chamber, the method includes the step of 
moving the one or more electrodes preferably within the 
30 reaction chamber so that the substrate is within the 
plasma zone during the plasma treatment thereof, and is 
out of the plasma zone during the cleaning of the one or 
more plasma generating electrodes. 
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In one embodiment the method of plasma treating a 
substrate comprising the step of cleaning one or more 
plasma generating electrodes while the substrate and one 
or more plasma generating electrodes is present in the 
5 same reaction chamber, the method includes the step of 
changing the pressure within the reaction chamber so that 
the object to be plasma treated is within the plasma zone 
during the plasma treatment thereof, and is out of the 
x plasma zone during the cleaning of the one or more plasma 
10 generating electrodes. 

In one embodiment the method of plasma treating an object 
comprising the step of cleaning one or more plasma 
generating electrodes while the object to be plasma 
15 treated and one or more plasma generating electrodes is 
present in the same reaction chamber, the method ^includes 

« 

the step of changing the potential difference between the 
one or more electrodes so that the object to be plasma 
treated is within the plasma zone -during the plasma 
20 treatment thereof, and is out of the plasma zone during 
the cleaning of the one or more plasma generating 
electrodes. 

In one embodiment the method of plasma treating an object 
25 comprising the step of cleaning one or more plasma 
generating electrodes while the object to be plasma 
treated and one or more plasma generating electrodes is 
present in the same reaction chamber, the method includes 
the step of inserting or moving a shield or mask so that 
3 0 the object to be plasma treated is within the plasma zone 
during the plasma treatment thereof, and is out of . the 
plasma zone during the cleaning of the one or more plasma 
generating electrodes . 
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In one embodiment the method of plasma treating an object 
comprising the step of cleaning one or more plasma 
generating electrodes while the object to be plasma 
treated and one or more plasma generating electrodes is 
5 present in the same reaction chamber, the method includes 
the step of applying and/or moving an electric or 
magnetic field in the reactor chamber so that the object 
to be plasma treated is within the plasma zone during the 
plasma treatment thereof, and is out of the plasma zone 
10 during the cleaning of the one or more plasma generating 
electrodes • 

The invention also relates to a method of plasma treating 
an object further comprising the step of cleaning one or 
more plasma generating electrodes while the object to be 
plasma treated and one or more plasma generating 
electrodes is present in the same reaction chamber, the 
method includes the step of moving the object to be 
plasma treated within the reaction chamber so that the 
object, to be plasma treated is within the plasma zone 
during the plasma treatment thereof, and is out of the 
plasma zone during the cleaning of the one or more plasma 
generating electrodes. 

25 

"T ype of gas, composition, and amounts' 1 

Generally, ' the gas of the gas zone comprises any suitable 
gas comprising at least one gas component allowing gene- 
30 ration of plasma. 

The generation of plasma and thus implicitly the extent 
thereof depends on the type of gas used for generating 
the plasma. Further, when the gas consists of more gases, 



15 
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the. composition and amounts of these components influence 
the generation of plasma as well. 

In a preferred embodiment, the extent of said generated 
5 plasma is controlled by controlling the type of said gas, 
its composition, and/or the amount of its components 
whereby the extent of plasma can be controlled by select- 
ing a gas having the ability to generate plasma. 

10 Generally, different abilities to generate plasma result 
in different - extents of plasma. A mixture of Ar and N 2 0 
for etching application provides an extent of plasma that 
differs from the extent of plasma of a mixture, of He and 
a monomer for plasma polymerisation deposition. If a con- 

15 stant extent of plasma is desired, the modified extent of 
plasma can be compensated by applying other means of said 
means for controlling the extent of plasma, e.g. the 
pressure or the applied potential difference. 

20 The type, composition, and amounts of gas can be control- 
led by admitting a different type of gas into the gas 
zone, and/or letting a gas component out of the gas zone, 
eig. replacing an * oxidizing/reducing cleaning gas for 
plasma cleaning with a monomer deposition gas for plasma 

25 deposition. 

In a preferred embodiment, said gas zone contains a gas 
component, or a gas composition, selected from the group 
comprising: 

30 

inert gasses, including noble gasses, preferably He, Ar, 
Ne, Xe; 

oxidizing gasses, preferably O2/ N0 2 , N 2 0, C0 2 ; 
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halogen gasses, preferably Cl 2 , F 2 ; 

and reducing gasses, preferably H 2 and NH 3 ; 

5 

mixtures of said noble gasses with said halogen gasses, 
said oxidizing gasses, or with said reducing gasses; 

a mixture of said halogen gasses with said oxidizing 
10 gasses, or with said reducing gasses; and 

plasma polymerisable substances, including monomers, pre- 
ferably selected from the group consisting of aliphatic 
hydrocarbons, including Ci-Cie alkanes such ethane, hex- 

15 ane; C 2 -Ci 6 alkenes such as hexene, 1-hexene, 3-methyl-l- 
hexene, dienes such as 1, 4-hexadiene, butadiene), 1,4- 
hexadiene; C 2 -Ci 6 alkynes including hexyne, 1-hexyne; 
aromatic hydrocarbons , including styrene , benzene ; 
substituted benzenes; aromatic monomers of styrene 

20 compounds; monomers of vinyl compounds, including vinyl- 
pyrrolidone; acrylate compounds including methylacrylate, 
acrylonitrile, glycidylmethacrylate, methacrylacid-anhy- 
dride, and acrylic acid chloride, 

25 and mixtures of said polymerisable substances and said 
inert gasses, halogen gasses, oxidizing gasses and reduc- 
ing gasses; 

whereby treatments for e.g. etching and cleaning with 
30 inert gases, oxidizing, reducing gasses, or mixtures 
thereof can be obtained; and further, plasma polymerisa- 
tion with substances that can be plasma-polymerized can 
be obtained under conditions of a controlled extent of 
plasma . 
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Other useful gasses that should be mentioned include 
cyanoacrylic and acetylene which may be used alone , in 
combination as well as in combinations with the above 
5 mentioned gasses. 

"Gas pressure" 

Generally, the pressure conditions of the gas include 
10 vacuum. A too low pressure does not provide enough gas 
for plasma to be generated, and a too high pressure 
quenches generated plasma. 

The pressure can be controlled by selection of gas outlet 
15 and gas inlet by means of pumps and valves, and asso- 
ciated control equipment known to a skilled person in the 
art. More details are disclosed together with the de- 
scription of the apparatus. 

20 In a preferred embodiment, said pressure is controlled by 
controlling at least one gas outlet and/or at least one 
gas inlet of said gas zone whereby the amount, or partial 
pressures, and flows of gases to and from the gas zone 
which makes up the pressure can be controlled. 

25 

Generally, the selected pressure depends on the plasma 
generation conditions of the gas and desired extent of 
plasma to be generated in the gas. 

30 In a preferred embodiment, said pressure is in the range 
including 10 to 200 Pa, preferably 20 to 100 Pa, more 
preferably 30 to 80 Pa, most preferably 40 to 70 Pa, and 
in particular about 50 Pa whereby conditions ranging from 
a small extent of plasma in the gas to a full extent of 
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plasma through out the gas zone can be obtained, e.g. for 
use in electrode cleaning in presence of objects to be 
plasma treated using a small extent of plasma around the 
electrodes. Subsequently such objects can be treated with 
5 a larger extent of plasma extending to include the 
objects and plasma deposition by applying appropriate 
potential differences and/or pressures, typically lower 
potential differences and lower pressures. 

10 In another preferred embodiment, said pressure is in the 
range including 0.1 to 50 Pa, preferably 1 to 30 Pa, more 
preferably 2 to 20 Pa, most preferably 5 to 10 Pa whereby 
conditions of a larger extent of plasma can be obtained 
at relatively low voltages, e.g. in applications of 

15 plasma deposition. 



20 



30 



"Potential difference 



Generally, the potential difference can be generated by 
various power supply sources, e.g. a dc source, an ac 
source, or a pulsed electrical source. For a continuous 
dc or ac source, the potential difference can be defined 
by the root mean square voltage difference between the 
two electrodes. For a pulsed electrical source the poten- 
25 tial difference can be based on the root means square po- 
tential difference during the pulse. Especially a pulsed 
electrical source can be a pulsed dc- or ac-electrical 
source, e.g. a pulsed RF- voltage with a given duty cycle. 



In a preferred embodiment, said potential difference is 
in the range including 200 to 2000 V, preferably 400 to 
1500 V, more preferably 600 to 1200 V, most preferably 
600 to 1100 V, and in particular 600 to 1000 V whereby a 
relatively high energy plasma is obtained, e.g. for use 
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in applications of electrode cleaning. For relatively 
high pressures, conditions of a relatively small extent 
of plasma can be obtained. 

5 In another preferred embodiment, said potential differ- 
ence is in the range including 200 to 2000 V, preferably 
200 to 1200 V, preferably 300 to 800 V, more preferably 
300 to 700 V, and most preferably 300 to 600 V whereby a 
relatively low energy plasma extent is obtained, e.g. for 
10 use in applications of plasma deposition. For relative 
low pressures conditions of a larger extent of plasma can 
be obtained, e.g. in applications of plasma deposition. 

The potential difference may be stable on same level 
15 (average level if it is a pulsed plasma) during the 
plasma treatment and/or optional cleaning of one or more 
electrodes, or it may preferably be varied to provide a 
desired plasma treatment and/or cleaning profile. In one 
embodiment the potential difference is higher in a step 
20 of plasma treating an object, that in a step of cleaning 
one or more electrode within the plasma reaction chamber. 

The power supply for generating the potential difference 
between said two electrodes can be any suitable power 
25 source known in the art. 

In a preferred embodiment, said potential difference is 
generated by power supply comprising: a direct current 
(DC) power supply, an alternating current (AC) power sup- 
30 ply: at sub-radio frequencies, including main frequencies 
(50-60 Hz), low frequencies (LF) , and audio frequencies 
(AF) ; at radio frequencies (RF) , and at microwave fre- 
quencies (MW) . 
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In a preferred embodiment the potential difference is 
generated by AC power with frequencies at 50-60 HZ. 

More details of the power supply are disclosed together 
with the description of the apparatus, the description of 
which is incorporated in this part of the description by 
reference. 

"Plasma power density 77 

Generally, the energy available in the plasma is provided 
by application of a given potential difference for a 
suitable period of time to provide the necessary power 
consumption of the plasma depending on the application. 

In a preferred embodiment, said potential difference and 
said gas zone are adapted to provide a plasma power 
density in the range including 0.01 to 100 W/l, pre- 
ferably 0.1 to 10 W/l, more preferably 0 . 1 to 5 W/l, most 
preferably 0.1 W/l to 3 W/l, and in particular about 1 
W/l whereby plasma power densities suitable for various 
plasma treatments, e.g. etching and/or deposition in the 
gas zone, within the extent of plasma of a suitable vol- 
ume can be obtained. 

For a continuous dc or ac source, the plasma power 
density can be expressed as the average power consumption 
of the plasma divided by the volume over which the plasma 
exists. For a pulsed electrical source the plasma power 
density can be expressed as the average power consumption 
of the plasma during the pulse divided by the volume over 
which the plasma exists. 
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In plasma with a limited extent, the volume over which 
the plasma exists is difficult to measure. Further more, 
the inhomogeneous nature of plasma- with a limited extent 
makes it more preferable to speak about average plasma 
5 power density. The average plasma power density is the 
average power consumption in the plasma divided by the 
maximum volume in which the plasma can exist in the used 
geometry. 

10 " Electrode conf iguration" 

Generally, the at least two electrodes are configured to 
provide conditions at which energy can be transferred to 
the gas comprising a plasma generating component. 

15 

In a preferred embodiment, the configuration of said at 
least two- electrodes comprises at least one of: mutual 
distance, individual shapes, and mutual orientation 
whereby the distribution of generated plasma and the 
20 extent thereof can be controlled to provide a desired 
pattern; the primary mechanism is anticipated to be by 
modification of the electrical fields generated by the 
electrodes . 

25 Generally, the at least two electrodes can be arranged in 
direct contact with the gas or not. In case they are not 
in contract with the gas, they induce energy in the gas,, 
usually through a container wall. 

30 In one embodiment, said at least two electrodes are 
arranged inside said gas zone, and/or outside said gas 
zone whereby plasma can be generated in the gas zone. 



WO 2004/088710 



PCT/DK2 004/000240 



16 



5 



10 



15 



20 



25 



30 



in one preferred embodiment, one two or more electrodes 
are arranged inside the same reactor as the plasma, and 
in contact with the plasma during -treatment of an object, 
the configuration of electrodes being so that the plasma 
in the electrode cleaning step does not contact the 
object even though the object is still in the same 
reactor. 

In a preferred embodiment, the at least two electrodes 
are in form of concentric electrodes, optionally one of 
said electrodes being in the form of a grid. In the case 
of concentric electrodes, plasma is generated in the 
volume defined by the outer electrode. When the elec- 
trodes are arranged inside the gas zone, electrode conta- 
mination can occur, requiring subsequent electrode clean- 
ing in order not to contaminate subsequent plasma treat- 
ment s . 



"Additional modification of extent of plasma" 



Generally, the extent of plasma can be modified by induc- 
ing electric or magnetic fields in the plasma, or by af- 
fecting the plasma by insertion of additional objects 
such as shields or masks. 

in a preferred embodiment, the extent of plasma is modi- 
fied by introducing an additional electrical field, a 
magnetic field, and/or a shield whereby the shape and/or 
the pattern of the extent of plasma can be modified. 

The shielding mechanism which affects the plasma can be 
any suitable physical or chemical mechanism, e.g. based 
on absorption, reflection or deflection of the plasma. 
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In a preferred embodiment , said shield is selected from 
the group comprising absorbers, reflectors, deflectors 
and masks whereby various means for modifying the extent 
of plasma can be applied, 

5 

"Shielding material" 

Generally, the material used for the shield is selected 
for its physical properties, including electrical and 
10 mechanical properties such as insulating ability, 
strength and form stability under vacuum and plasma con- 
ditions. 

In a preferred embodiment, said absorbers, reflectors, 
15 deflectors or masks comprise a material selected from the 
group comprising metallic, preferably stainless steel; 
non-metallic, preferably glass; and insulating materials, 
preferably glass, ceramic, and a polymeric material, in- 
cluding rubber, and thermoplastic materials, preferably 
20 polyethylene (PE) , Polypropylene (PP) , 

polyvinylchloride (PVC) , polyamide (PA) , 

polyvinyldif luoride (PVDF) , and carbon-filled polyethyl- 
ene; other polymer materials, including non-thermoplastic 
polymers, preferably polyesters; and combinations thereof 
25 whereby the material can be chosen to be stable in the 
plasma at the energy and pressure applied, e.g. for low 
energy plasma, thermoplastic materials with relatively 
low glass transition temperatures can be used without 
being deformed. 

30 

"Objects in the plasma - also called substrates" 

In a preferred embodiment, said extent of plasma is 
adapted so that at least one obj ect arranged in said gas 
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zone is wholly or partly exposed to, or not exposed to 
said plasma. 

In a preferred embodiment, said at least one object com- 
prises: a substrate; a substrate holder; a sensor, pre- 
ferably a deposition monitoring sensor, or a plasma in- 
tensity sensor; and a sputtering electrode whereby speci- 
fic objects which may or may not affect the generated 
plasma can be exposed to the plasma, or not. 



"Substrate position 



In a preferred embodiment, the position of said sub- 
strate, said substrate holder, and said sensor holder 
15 with respect to one of said at least two electrode is so 
that the normalized substrate position <J> is in the range 
including 0.3 to 1, preferably including 0.5 to 1, more 
preferably including 0.9 to 1 whereby an optimal position 
of the substrate can be defined for e.g. concentric elec- 
trodes. Fore a more detailed discussion of see the de- 
scription in relation with Fig. 3. 



"Measurement of extent of plasma 



25 The extent of plasma can be measured by any suitable 
technique, e.g. optical or electrical. 

In a preferred embodiment, said extent of plasma in said 
gas zone is determined by direct measurement whereby ad- 
3 0 justment of the extent of plasma can be obtained during 
operation, e.g. for providing complex etching or deposi- 
tion patterns. 
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Generally/ the extent of plasma need not be determined by 
direct measurement . 

In a preferred embodiment, said extent of plasma in said 
5 gas zone is determined by a priori calibration whereby 
plasma etching or plasma deposition can be performed 
under fixed conditions and fixed positions of electrodes 
and objects e.g. substrates, without requiring plasma 
sensing equipment present in the gas zone for measuring 
10 the extent of plasma. 

More details of the measurement of extent of plasma are 
disclosed together with the description of the apparatus, 
the description of which is incorporated in this part of 
15 the description by reference. 

"A plasma treatment apparatus with controlled extent of 
gas plasma" 

20 In another aspect, according to the present invention, 
these objects are fulfilled by providing an apparatus for 
plasma treatment with controlled extent of gas plasma, 
the apparatus comprising: 

25 (A) a gas section, said gas section comprising at least 
one gas inlet and at least one gas outlet adapted for 
providing a gas having a pressure; 

(B) at least two electrodes, said at least two electrodes 
30 being configured to wholly or partly encompass said gas 

section; 

(C) at least one power supply, said at least one power 
supply supplying a potential difference between at least 
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two of said at least two electrodes for generating a 
plasma in said gas section; 

(D) at least one plasma measuring means for measuring the 
5 extent of the plasma in said gas section with respect to 

at least one of said at least two electrodes; and 

(E) at least one controlling means for controlling the 
extent of said generated plasma; said at least one con- 

10 trolling means being adapted to control at least one of: 
said gas, said pressure, said potential difference, and 
said configuration of said at least two electrodes in 
response to a measurement of said at least one plasma 
measuring means; 

15 

whereby plasma treatments with controlled extent of 
plasma can be performed. 

Preferred embodiments are defined in the dependent claims 
20 defining corresponding means to those described for the 
preferred actions of the method according to the inven- 
tion. 

"Type of gas, composition, and amounts" 

25 

In a preferred embodiment, said at least one controlling 
means comprises means for controlling the type of said 
gas, its composition, and/or the amount of its components 
whereby the extent of plasma can be controlled when 
30 conditions for generating a plasma change with respect to 
the type of gas, its composition, and amount, or partial 
pressures, e.g. wherein the conditions for generating a 
plasma in a mixture of Ar and N 2 0 for etching application 
are changed as the etching gas is exchanged with a 
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deposition gas comprising He and the selected monomer for 
plasma polymerisation deposition. 

In a preferred embodiment, said gas section contains a 
5 gas component or a gas composition selected from the 
group comprising: 

inert gasses, including noble gasses, preferably He, Ar, 
. Ne, Xe; 

10 

oxidizing gasses, preferably 0 2 , N0 2 , N2O, CO2; 

halogen gasses, preferably CI2,. F 2 ; 

15 and reducing gasses, preferably H 2 and NH 3 ; 

mixtures of said noble gasses with said halogen gasses, 
said oxidizing gasses, or with said reducing gasses; 

20 a mixture of said halogen gasses with said oxidizing 
gasses, or with said reducing gasses; and 

plasma polymerisable substances, including monomers, 
preferably selected from the group consisting of 

25 aliphatic hydrocarbons, including Ci-C 16 alkanes such 
ethane, hexane ; C 2 -Ci 6 alkenes such as hexene, 1-hexene, 
3-methyl-l-hexene, dienes such as 1 , 4-hexadiene, 
butadiene), 1, 4-hexadiene; C 2 -Ci 6 alkynes including 
hexyne, 1-hexyne; aromatic hydrocarbons, including 

30 styrene, benzene; substituted benzenes; aromatic monomers 
of styrene compounds; monomers of vinyl compounds, in- 
cluding vinylpyrrolidone; acrylate compounds including 
methylacrylate, acrylonitrile, glycidylmethacrylate, 
methacrylacid-anhydride, and acrylic acid chloride, 
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and mixtures of said polymerisable substances and said 
inert gasses, halogen gasses, oxidizing gasses and reduc- 
ing gasses; 

5 

whereby control of extent plasma in gasses for treatment 
in etching and cleaning with inert gases, oxidizing gas- 
seS/ reducing gasses, or mixtures thereof, and in gasses 
for plasma polymerisation with polymerisable substances 
10 can be obtained. 

In a preferred embodiment, said at least one controlling 
means comprises means for controlling at least one gas 
outlet, preferably a reduction valve controlled by a 

15 pressure controller and a pressure transducer, and/or 
means to control at least one gas inlet, preferably a 
flow controller, said means for controlling said gas out- 
let and said gas inlet preferably being controlled by a 
computer; whereby the amount and flow of gas can be con- 

20 trolled, 

"Gas pressure and vacuum pump" 

In a preferred embodiment, said pressure is in the range 
25 including 10 to 200 Pa, preferably 20 to 100 Pa, more 
preferably 30 to 80 Pa, most preferably 40 to 70 Pa, and 
in particular about 50 Pa; whereby conditions of a 
limited extent of plasma can be obtained, e.g. for use in 
applications of electrode cleaning in presence of sub- 
3 0 strates. 

In a preferred embodiment, said pressure is in the range 
including 0.1 to 50 Pa, preferably 1 to 30 Pa, more pre- 
ferably 2 to 20 Pa, most preferably 5 to 10 Pa, whereby 
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conditions of a larger extent of plasma can be obtained, 
e.g. in applications of plasma deposition. 

The vacuum pump for providing a vacuum can be any suit- 
5 able vacuum pump which is able to provide a vacuum of 
sufficient low pressure to ensure that steady homogeneous 
plasma can be sustained in the reaction section. 

Generally, vacuum pumps comprise diffusion pumps, rotary 
10 vane vacuum pumps, rotary piston vacuum pumps, roots vac- 
uum pumps. Cascading vacuum pumps can be applied. 

On the high-pressure side, the vacuum pump is connected 
to a suitable exhaust gas flow system, including mechani- 
15 cal booster pumps, rotary pumps etc. 

It is preferred that the pressure can be controlled in a 
control loop comprising a pressure gauge, an electronic 
controller device, e.g. a PID controller, and an actuator 
20 connected to said electronic controller device. Said ac- 
tuator may comprise a reduction valve, e.g. a butterfly 
valve, inserted between the vacuum pump and the vacuum 
chamber, or said actuator may comprise a variable vacuum 
pump, e.g. a roots vacuum pump. 

25 

A high vacuum chamber volume to total feed gas flow ratio 
ensures that minor variations in gas flow does not affect 
the homogeneity of the plasma. 

30 Vacuum pumps can be coupled to the vacuum section in any 
suitable manner known to a skilled person, including 
coupling by flexible steel pipes and rigid steel pipes. 



Potential difference and power supply 
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The potential difference and power supply may e.g. be as 
disclosed above for the method of the invention. 

5 Generally, the potential difference can be caused by 
various power supply sources, e.g, a dc source, an ac 
source, or a pulsed electrical source. For a continuous 
dc or ac source, the potential difference can be defined 
as the root mean square voltage difference between the 
10 two electrodes. For a pulsed electrical source the 
potential difference can be defined as the root means 
square potential difference during the pulse. Especially 
the power supply can be a pulsed dc- or ac electrical 
source, e.g. a pulsed RF- voltage with a given duty cycle. 

15 

In a preferred embodiment, said at least one power supply 
comprises: a direct current (DC) power supply, an alter- 
nating current (AC) power supply which at sub-radio fre- 
quencies includes a mains frequency (50-60 Hz) power sup- 
20 ply, a low frequency (LF) power supply, and an audio fre- 
quency (AF) power supply; and which at higher frequencies 
includes a radio frequency (RF) power supply, and a 
microwave frequency (MW) power supply. 



25 In a preferred embodiment, said at least one controlling 
means comprises means for controlling said potential dif- 
ference in the range including 200 to 2000 V, preferably 
400 to 1500 V, more preferably 600 to 1200 V, most pre- 
ferably 600 to 1100 V, and in particular 600 to 1000 V; 

3 0 whereby control of a relatively high energy plasma is ob- 
tained, e.g. for use in applications of electrode clean- 
ing. For relatively high pressures, conditions of a 
limited extent of plasma can be obtained. 
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In a preferred embodiment/ said at least one controlling 
means comprises means for controlling said potential dif- 
ference in the range including 20G to 2000 V, preferably 
200 to 1200 V f preferably 300 to 800 V, more preferably 
5 300 to 700 v, and most preferably 300 to 600 V whereby a 
relatively low energy plasma is obtained, e.g. for use in 
applications of plasma deposition. For relative low pres- 
sures conditions of a larger extent of plasma can be ob- 
tained, e.g. in applications of plasma deposition, 

10 

Generally, a skilled person can adapt the applied poten- 
tial difference to obtain an extent of plasma and 
intensity thereof by experimentation for his particular 
electrode configuration. A preferred electrode configura- 
15 tion comprises concentric cylindrical electrodes, the in- 
ner electrode being a grid, for which the plasma is homo- 
geneously distributed. Other electrode configurations can 
be calibrated against this standard configuration. 



20 For a preferred electrode configuration, the plasma power 
density is 0.01 to 100 W/l, however depending on the ap- 
plication the plasma power density can be adapted to that 
desired. For example, at low plasma power density func- 
tionality of monomers can be maintained during polymeri- 
as sation. 



In a preferred embodiment, said potential difference and 
said gas section are adapted to provide a plasma power 
density in the range including 0.01 to 100 W/l, pre- 
30 ferably 0.1 to 10 W/l, more preferably 0.1 to 5 W/l, most 
preferably 0.1 W/l to 3 W/l, and in particular about 1 
W/l; whereby plasma etching or deposition can be obtain- 
ed. 
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For a continuous dc or ac source, the plasma power den- 
sity can be the average power consumption of the plasma 
divided by the volume over which the plasma exists. For a 
pulsed electrical source the plasma power density can be 
5 the average power consumption of the plasma during the 
pulse divided by the volume over which the plasma exists. 

In a preferred embodiment, the apparatus comprises at 
least one power supply, said at least one power supply 
10 being adapted to provide at least one alternating voltage 
of at least one phase to said at least two electrodes, 
said at least one phase of said alternating voltage being 
in a number equal to or less than the number of said at 
least two electrodes. 

15 

Preferably, the power supply supplies a sufficient elec- 
trode voltage for the plasma to ignite. Furthermore, it 
allows accurate control of the electrode voltage. For AC 
power supplies this can be achieved by connecting the 

20 electrodes of the plasma treatment apparatus to the high 
voltage side of step-up transformers, connecting the low 
voltage side of said step-up transformers to variable 
transformers, said variable transformers being connected 
to a common AC power source, e.g. the European standard- 

25 ised 50 Hz, 220 V power grid or the US standardised 60 
Hz, 110 V power grid. The voltage set-point is set by 
tuning the variable transformers. 

For each said one ore more phases preferably at least one 
3 0 conventional lamps are connected in series with said at 
least one electrodes to stabilise the current, I, of each 
phase. At low values of I the electrical resistance, R e i, 
of a lamp is low and constant with regard to I. At inter- 
mediate and high values of I, R ei increases with increas- 
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ing I . In the case that I increases rapidly, e.g., due to 
the formation of an electrical arc between neighbouring 
electrodes Rei will increase and thereby decrease I. This 
in turn will eliminate said electrical arc. Thus the non- 
5 linear current-resistance characteristic of conventional 
lamps can be used to effectively stabilise the plasma 
density in AC and DC powered plasmas. 

Alternatively, the electrodes can be supplied with a di- 
10 rect current (DC) potential difference, preferably a pul- 
sating DC potential difference. A pulsating DC voltage 
supply is preferably obtained by applying a rectification 
to the output of the 50Hz AC voltage supply described 
above. Said rectification can be obtained with a recti- 
15 fier bridge consisting of four diodes. 

"Electrode configuration" 

The Electrode configuration may e.g. be as disclosed 
20 above for the method of the invention. 

In a preferred embodiment, said at least one controlling 
means comprises configuration means for controlling the 
configuration of said at least two electrodes, said con- 

25 figuration means comprising distance-adjusting means for 
adjusting the mutual distance, preferably a telescopic 
expander, and/or a displaceable electrode carrier; shap- 
ing means for shaping an electrode, preferably a remotely 
deformable electrode, and/or a pre-shaped electrode; and 

30 orientation means for adjusting mutual orientation, pre- 
ferably a rotational electrode carrier. 

In a preferred embodiment, said at least two electrodes 
are arranged inside said gas section, and/or outside said 
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gas section; whereby a plasma pattern can be generated in 
the gas. When the electrodes are arranged inside the gas, 
electrode contamination can occur; 

5 In a preferred embodiment, said electrodes are made of an 
electrically conductive material which is resistant to 
oxide formation and sputtering, preferably stainless 
steel . 

10 In a preferred embodiment, said at least two electrodes 
comprise a circumferential electrode, preferably at least 
two concentric ellipsoidal electrodes. 

In a preferred embodiment, one of said circumferential 
15 electrodes comprise a grid electrode, preferably the in- 
ner electrode being a grid electrode, more preferably a 
grid electrode having a grid size in the range including 
5 to 50 mm, preferably 5 to 20 mm, more preferably about 
10 mm. 

20 

"Measuring plasma extent" 

In a preferred embodiment, said at least one plasma mea- 
suring means comprises inspection means for optical in- 
25 spection. 

In a preferred embodiment, said optical inspection means 
comprises means for visual inspection, preferably said 
visual inspection means comprises an inspection window, 
30 and for some application a telescope can be used; whereby 
measurements of extent of plasma can be performed exter- 
nal to the gas section and plasma through e.g. an 
inspection window. Visual inspection includes observation 
by the eye, or observation by means of a camera whereby 
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the extent of plasma can be measured with respect to e.g. 
a ruler placed substantially perpendicular to the elec- 
trode being inspected. 

5 In a preferred embodiment, said inspection means com- 
prises a plasma sensor, or a set of plasma sensors, pre- 
ferably an optical sensor; or an electrical sensor, in 
particular an electrical sensor comprising a voltage pro- 
be and a voltmeter. 

10. 

In a preferred embodiment, said at least one controlling 
means comprises: electrical field-generating means for 
generating an additional electrical field, preferably at 
least two electrodes positioned internally and/or exter- 

15 nally to said gas section; magnetic field-generating 
means for generating a magnetic field, preferably at 
least one magnet, or inductive coil, positioned internal- 
ly and/or externally to said gas section; and/or shield- 
ing means for wholly or partly shielding objects not to 

20 be exposed. to plasma; thereby modifying the shape and/or 
the pattern of said predetermined extent of plasma. 



In a preferred embodiment, said shielding means is se- 
lected from the group comprising absorbers, reflectors, 
25 deflectors, and masks; whereby various means for modify- 
ing the extent of plasma can be applied. 

In a preferred embodiment, said shielding means comprise 
a material selected from the group comprising metallic, 
30 preferably stainless steel; non-metallic, preferably 
glass; and insulating materials, preferably glass, cera- 
mic, and polymeric materials, including rubber, thermo- 
plastic material, thermosetting materials, preferably 
polyethylene (PE) , Polypropylene (PP) , polyvinylchloride 
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(PVC) , polyamide (PA) , polyvinyldif luoride (PVDF) , 
carbon-filled polyethylene , polyesters, and combinations 
thereof; whereby shielding means of suitable stability, 
including mechanical, chemical and thermal stability, in 
5 the plasma can be obtained. 

In a preferred embodiment, said at least one controlling 
means comprises means for arranging at least one object 
in said gas section so that said at least one object is 
10 exposed, or not exposed, wholly or partly to said plasma. 

In a preferred embodiment, said at least one object com- 
prises: a substrate; a substrate holder; a sensor, pre- 
ferably a deposition monitoring sensor, or a plasma in- 
15 tensity sensor; and a sputtering electrode; whereby spe- 
cific objects which may or may not affect the generated 
plasma can be exposed to the plasma, or not. 

"Substrate and other objects" 

20 

Generally, a substrate can be subjected to the generated 
gas plasma in any suitable way, including manually oper- 
ated manipulators and positioning means inside the reac- 
tion section. 

25 

In a preferred embodiment, however, the apparatus further 
comprises a substrate holder, said substrate holder being 
adapted to receive at least one substrates for treatment 
by the gas plasma, and being arranged in said reaction 
30 section with respect to the electrodes to receive a pre- 
determined plasma pattern with respect to the electrodes 
whereby particular reproducible plasma treatment condi- 
tions for different substrate batches and different sub- 
strates within batches can be obtained. 
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In another preferred embodiment, the apparatus further 
comprises means for adjusting the- position of said sub- 
strate holder with respect to said at least one electrode 
5 whereby a more accurate and precise positioning of the 
substrate and consequently a more accurate treatment con- 
ditions can be obtained. In particular, the substrates 
can be placed with respect to the electrodes so that 
electrodes can be cleaned by plasma cleaning while sub- 
10 strates are present in the reaction section. This allows 
very clean plasma deposition conditions to be obtained 
without having to remove substrates from the reaction 
section. Consequently, automation and a higher through- 
put can be obtained. 

15 

In a preferred embodiment, the position of said sub- 
strates with respect to one of said at least two elec- 
trodes is so that the normalized substrate position <|> is 
in the range including 0.3 to 1, preferably including 0.5 
20 to 1, in particular including 0.9 to 1; whereby for e.g. 
concentric electrodes, an optimal position of the sub- 
strate is defined. Fore a more detailed discussion of <j) 
see the description in relation with Fig. 3. 

25 "Sluice for introducing substrates and objects" 

In a preferred embodiment, the apparatus further compris- 
ing a sluice for introducing into or for removing from 
the gas section at least one substrate. 

30 

In a preferred embodiment, said sluice comprises an en- 
trance sluice section, said entrance sluice section com- 
prising a first product valve for introducing said sub- 
strate holder and/or at least one substrates therein; and 
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a second product valve for introducing said substrate 
holder and/or at least one substrate into said reaction 
section; a gas outlet for evacuating said entrance sluice 
section; and a gas inlet. 

5 

In a preferred embodiment, said sluice comprises an exit 
sluice section, said exit sluice section comprising a 
first product valve for removing said substrate holder 
and/or at least one substrate from said gas section; and 
10 a second product valve for removing said substrate holder 
and/or at least one substrate from said exit sluice sec- 
tion; a gas outlet for evacuating said exit sluice sec- 
tion; and a gas inlet. 

15 "Use of method and apparatus with controlled extent of 
gas plasma" 

In still another aspect, according to the present in- 
vention, these objects are fulfilled by providing use of 

20 a method or an apparatus according to the invention com- 
prising plasma treatments and/or plasma-assisted surface 
modification of electrodes and substrates, preferably in- 
cluding plasma cleaning, plasma etching, plasma activa- 
tion, and plasma deposition of electrodes, substrates, or 

25 both. 

In a preferred embodiment, plasma deposition comprises 
plasma polymerisation, and/or metallization. 

3 0 In another preferred embodiment, plasma activation com- 
prises radical formation, and/or oxidation, or reduction. 

Further uses are defined in the claims, and illustrated 
in the examples. 
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"Continuous plasma treatment apparatus'" 

In a still further aspect, the present invention relates 
5 to a plasma treatment apparatus, the apparatus compris- 
ing: 

(A) a gas section, said gas section comprising at least 
x one gas inlet and at least one gas outlet for providing a 

10 gas at a given pressure; 

(B) at least two electrodes, said at least two electrodes 
being configured to wholly or partly encompass said gas 
section; 

15 

(C) at least one power supply, said at least one power 
supply supplying a potential difference between at least 
two of said at least two electrodes for providing a 
plasma in said gas; 

20 

(D) a sluice for introducing and/or removing a least one 
substrate into and/or from said gas section, whereby 
continuous plasma treatments can be perform at a series 
of substrates without shutting down the plasma and there- 

25 by increasing the plasma treatment productivity. 

In a preferred embodiment, said sluice comprises an 
entrance sluice section, said entrance sluice section 
comprising a first product valve for introducing said 
30 substrate holder and/or at least one substrates therein; 
and a second product valve for introducing said substrate 
holder and/or at least one substrate into said gas 
section; a gas outlet for evacuating said entrance sluice 
section; and a gas inlet. 
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In another preferred embodiment, said sluice comprises an 
exit sluice section, said exit sluice section comprising 
a first product valve for removing said substrate holder 
5 and/or at least one substrate from said gas section; and 
a second product valve for removing said substrate holder 
and/or at least one substrate from said exit sluice 
section; a gas outlet for evacuating said exit sluice 
section; and a gas inlet. 

10 

Further details are as described for the apparatus with 
controlled extent of plasma according to the invention, 
incorporated in this part of the description by referen- 
ce - 

15 

3. BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, by way of examples only, the invention 
is further disclosed with detailed description of prefer- 
20 red embodiments- Reference is made to the drawings in 
which 

Fig. la shows a sketch of an embodiment of a plasma 
treatment apparatus with controlled extent of gas plasma 
25 according to the invention; 

Fig. lb shows a sketch of an embodiment of a plasma 
treatment apparatus with controlled extent of gas plasma 
according to the invention, comprising two electrodes, 
30 one electrode constituting a wall of a gas section; 

Figs, lc, Id, and le show sketches of the gas section of 
an embodiment illustrating increasing plasma extent; 
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Fig. If shows a sketch of the gas section of an embodi- 
ment illustrating use of shielding means in form of a 
mask; 



5 Figs. 2a and 2b show a cross-sectional view and a longi- 
tudinal sectional view of a sketch of a preferred embodi- 
ment of a plasma treatment apparatus according to the 
invention; 

10 Fig. 3 shows a cross-sectional view of a sketch of a 
preferred embodiment of a plasma treatment apparatus 
similar to that shown in Figs. 2a and 2b, illustrating 
definitions of extent of plasma within a gas section 
inside an inner electrode; 

15 

Fig. 4a shows a graph of e lf the normalized extent of the 
Faraday dark space (see Fig. 3) versus the potential 
difference (in Volts rms) between two electrodes of an 
exemplary embodiment of the plasma treatment apparatus 
20 described in example 1 at various pressures in the range 
of 0.5 and 10 Pa; 

Fig. 4b shows a graph of Si and s 2 (see Fig. 3), defining 
the boundaries of the Faraday dark space and the passive 
25 dark space respectively versus the potential difference 
(in Volt rms) between two electrodes of an exemplary 
embodiment of the plasma treatment apparatus described in 
example 1 at intermediate pressures (13 and 20 Pa) ; 

30 Fig. 4c shows a graph of e x (see Fig. 3), defining the 
boundaries of the passive dark space respectively versus 
the potential difference (in Volt rms) between two 
electrodes of an exemplary embodiment of the plasma 
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10 



20 



30 



treatment apparatus described in example 1 at high pres- 
sures (50 and 100 Pa); 

Fig. 4d shows plots of the total electrical power (in 
Watt) consumed versus the electrode potential difference 
(in Volt rms) between two electrodes of an exemplary 
embodiment of the plasma treatment apparatus described in 
example 1 at various pressures ; 



Fig. 5a shows a bar chart of the relative peak height of 
selected peaks observed in infrared absorption spectra of 
plasma deposited coatings before (A, B) and after (A',B') 
plasma electrode cleaning carried out at 5 Pa and at dis- 
tances of 10, 30 and 70 mm from the inner electrode of an 
15 exemplary embodiment of the plasma treatment apparatus 
described in example 1 ; 

Fig. 5b shows a bar chart of the relative peak height of 
selected peaks observed in infrared absorption spectra of 
plasma deposited coatings before (A, B) and after (A',B') 
plasma electrode cleaning carried out at 50 Pa and at 
distances of 10, 30 and 70 mm from the inner electrode of 
an exemplary embodiment of the plasma treatment apparatus 
described in example 1; 

Fig. 6 shows a digital photo of stacks of untreated glass 
slides (labelled "UBEHANDLET") and glass slides exposed 
to plasma electrode cleaning treatment at 5 and 50 Pa, 
labelled "5 Pa" and "50 Pa", respectively; 

Fig. 7a shows a cross-sectional view along line a-a of 
the sketch shown in Fig. 7b of an embodiment of a plasma 
treatment apparatus according to the invention; 
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Fig. 7b shows a longitudinal sectional view along line b- 
b of the embodiment shown in Fig. 7a comprising an embo- 
diment of a plasma treatment apparatus with plasma mea- 
suring means; 

5 

Fig. 8a shows a graph of the normalized plasma intensity 
I versus the normalized substrate position <j> at different 
vacuum pressures for pressures P^30 Pa, measured with the 
• N plasma sensor of an exemplary embodiment of a plasma 
10 treatment apparatus shown in Figs. 7a and 7b; 

Fig. 8b shows a graph of the normalized plasma intensity 
I versus the normalized substrate position <J> at different 
vacuum pressures for pressures P>30 Pa, measured with the 
15 plasma sensor of an exemplary embodiment of a plasma 
treatment apparatus shown in Figs. 7a and 7b; and 

Fig. 9 shows a graph of the normalized plasma intensity I 
versus the normalized substrate position <|> at different 
20 potential differences between the electrodes, measured 
with the plasma sensor of an exemplary embodiment of a 
plasma treatment apparatus shown in Figs. 7a and 7b. 

4. DETAILED DESCRIPTION 

25 

Fig. la shows a sketch of" an embodiment of a plasma 
treatment apparatus with controlled extent of gas plasma 
according to the invention. - 

3 0 The plasma treatment apparatus, here shown in a cross- 
sectional view, comprises: a gas section 110, correspond- 
ing to the gas zone for the method of controlling the 
extent of gas plasma according to the invention; here 
said gas section being located inside a wall 115 of a 
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vacuum chamber extending to the interior thereof through 
openings 145. 

The gas section comprises at least one gas outlet 120 for 
5 letting out gasses there from, said at least one vacuum 
outlet preferably being connected to at least one vacuum 
pump, here illustrated by a pressure controlled vacuum 
pump 121 and a pressure reduction valve 122 for control- 
ling the outlet of an exhaust gas 123. Further more, the 
10 gas section comprises at least one gas inlet 130 for sup- 
plying at least one gas thereto, here illustrated by a 
flow controller FC 131 controlling a feed gas 132. 

The gas section comprises at least two electrodes 150 
15 configured to wholly or partly encompass said gas section 
and arranged to generate plasma therein; here three elec- 
trodes are schematically illustrated. In this embodiment, 
the wall 115 of the vacuum chamber is shielded from the 
plasma, here by a shielding means 141 comprising vacuum 
20 openings 145 to provide fluidic communication with said 
gas inlet and gas outlet. Further, the gas section com- 
prises at least one detectors 160 for detecting the 
extent 161 of plasma with respect to the at least two 
electrodes 150; here detectors are illustrated by plasma 
25 sensors, e.g. electrical plasma sensors measuring charge 
build-up at various distances from each of the three 
electrodes (not shown in details) . The gas section fur- 
ther comprises a substrate holder 170 with substrates 171 
to be treated in the plasma treatment apparatus. 

30 

The apparatus comprises at least one power supply 155 
adapted to provide at least one voltage difference be- 
tween at least two of said at least two electrodes for 
generating a plasma in said gas section, here said at 
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least one power supply is adapted to provide at least one 
voltage difference of at least one phase to the at least 
two electrodes 150, here schematically illustrated by 
three electrodes being supplied by three alternating cur- 
5 rent power supplies. 

Generally the number of phases of the power supply is 
less than or equal to the number of electrodes whereby it 
is ensured that for any number of electrodes at least one 

10 phase for one electrode differs from the phases of the 
other electrodes, i.e. there always exists a voltage dif- 
ference between at least two electrodes, whereby it is 
obtained that the plasma is always activated or "turned 
on", provided that the chosen pressure and voltage ampli- 

15 tude allow generation of plasma. 

Alternatively, or in combination with the alternating 
current power supply, at least one direct current power 
supply can be applied. If one direct current power supply 
20 is applied at least one of the at least two electrodes 
must be at a different voltage, e.g. grounded. 

The apparatus further comprises at least one controlling 
means for controlling the extent of plasma, here com- 

2*5 prising a controller C,PC,FC for controlling the at least 
one vacuum outlet 120, gas inlet 130 and power supplies 
155 in response to a signal from the detectors 160; here 
a pressure transducer PT,190 measures the vacuum pressure 
in the gas section. A measuring signal is transferred to 

30 a pressure controller PC, 191 which controls a reduction 
valve 122 and a vacuum pump 121, thereby allowing the 
pressure in the gas section to be controlled. Further, a 
computer C,180 receives measuring signals from the plasma 
sensors 160 and pressure transducer 190 and communicates 
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with the gas inlet, here the flow controller FC,131, 
power supplies 155 and pressure set pointer 192 thereby 
allowing control of a predetermined extent of plasma in 
the gas section. 

Selection of the type, composition and/or amounts of com- 
ponents of the gas for the gas inlet, e.g. a cleaning gas 
or a plasma deposition gas, also allow the extent of 
plasma to be controlled, such selection often involving 
calibration of the selected parameters and the effects 
achieved using method known to a skilled person. 

The plasma, reactants, and substrates react, typically on 
exposed inner and outer surfaces of objects within the 
gas section, e.g. the electrodes, the substrates, or both 
depending on the extent of plasma. 

Fig. lb shows schematically an embodiment of the appara- 
tus in which two electrodes are used, the vacuum wall 
20 being one of the two electrodes. The apparatus comprises 
a gas section 110, which is located inside a wall 151 of 
a vacuum chamber; a power supply 155 supplies a voltage 
to said vacuum chamber creating a potential difference 
between said wall 151 and an electrode 154 in the gas 
25 section, said electrode also being connected to a power 
supply 155. The apparatus further comprises a gas inlet 
130, a gas outlet 120, and additional equipment as de- 
scribed for the apparatus shown in Fig. la, but not shown 
in Fig. lb. A shielding means 142 electrically insulates 
30 the vacuum chamber wall from its environment. 

By applying a voltage difference between vacuum chamber 
wall and said one electrode, and adjusting pressure and 
said voltage, the extent of plasma 161 can be controlled. 



10 
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In this way it can be chosen to expose or not expose 
substrates 171 present on product tray 170 to the plasma, 
optionally further using shielding masks to determine the 
exposure pattern. 

5 

Figs, lc, Id, and le show sketches of an embodiment of 
the gas zone 112 illustrating "average fields", sketches 
of increasing plasma extents 161 by varying the para- 
x meters of pressure P x , P 2 , P 3 and voltage Ui, U 2 , U 3 . The 

10 dashed line determines the outside boundary of the part 
of the gas section where plasma can diffuse freely. In a 
preferred embodiment this boundary comprises a shielding 
means, e.g. a glass cylinder or a polymer sheet. The 
shaded areas 161 indicate the extent of plasma with re- 

15 spect to the nearest electrode 150. A lower vacuum 
pressure P will generally, for a given voltage U, yield a 
higher extent of plasma. Likewise, a higher voltage U 
will generally, for a given pressure P, yield a higher 
extent of plasma. At Pi>P 2 >P3 for a given voltage, or 

20 equivalently at Ui<U 2 <U 3 for a given pressure, the plasma 
extents over larger distances from the plasma generating 
electrodes 150, i.e. the extents of plasma increase. In 
Fig. lc, the extent of plasma does not reach out to and 
therefore does not significantly affect the substrates 

25 171 on product tray 170. In Fig. Id, the extent of plasma 
reaches out to and begins affecting the substrates. In 
Fig. le, the extent of plasma fully occupies the gas 
section 112 and fully affects the substrates. 

30 Fig. If illustrates the use of a shielding means as a 
mask 143 for creating a pattern on a substrate 171. The 
substrate 171 is placed on a product tray 170 in gas zone 
112 comprising a plasma with a maximal extent 161 gener- 
ated by 3 electrodes 150. The substrate 171 is partly 
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shielded by a mask 143, As a result, parts of the sub- 
strate are not affected by the plasma 173, while other 
parts are affected by the plasma 174. 

5 Figs. 2a and 2b show a preferred embodiment of a plasma 
treatment apparatus according to the invention. Fig. 2a 
shows a cross-sectional view along line a-a, and Fig. 2b 
shows a longitudinal sectional view along line b-b. 

10 The plasma apparatus comprises a vacuum chamber 215 sur- 
rounding a gas section 210. An electrical insulation 241, 
here exemplified by a polyester film, surrounds an outer 
electrode 252 and an inner electrode 253, the outer elec- 
trode and inner electrode preferably being open concen- 

15 trie electrodes comprising an electrically conducting ma- 
terial, e.g. a metal such as stainless steel, or a con- 
ductive polymer; the electrodes are connected to a power 
supply, here illustrated by an AC power supply creating a 
potential difference between both electrodes. 

20 

The inner electrode surrounds a product tray 270 with 
substrate holders 272 and substrates 271. The product 
tray is positioned in the horizontal symmetry plane of 
the inner electrode at a distance R=R 0 from the upper 
25 surface of the inner electrode. 

At least one gas inlets provide supply of at least one 
gases to the gas section, here illustrated by a terminal 
end of a gas feed pipe 233 positioned close to the pro- 
30 duct tray in the reaction section, see Fig. 2b. 

At least one gas outlet 220 regulates the pressure in the 
gas section 210, e.g. for providing a sufficiently low 
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pressure in the gas section for enabling generation of a 
plasma . 

In a preferred embodiment, the plasma apparatus further 
5 comprises an entrance sluice chamber 216 surrounding an 
entrance sluice section 211 for receiving substrates, 
substrate holders, product trays, or all of these, from 
the exterior via an exterior sluice port 276 and de- 
livering thereof to the gas zone 210 through an interior 

10 sluice port 277; and an exit sluice chamber 217 sur- 
rounding an exit sluice section 212 for receiving the 
treated substrates, substrate holders, product trays, or 
all of these, via an internal sluice port 278 and de- 
livering thereof to the exterior via an external sluice 

15 port 27 9. Both the entrance and exit sluice chambers 
comprises vacuum outlets 221, 222 for evacuation of the 
respective entrance and exit sluice sections. 

The plasma apparatus has an inspection window 262 for vi- 
20 sually observing the extent of plasma. 

"Operation mode" 

In automatic mode operation, a preferred plasma deposi- 
25 tion sequence comprises actions of: 

1) introducing substrates into the entrance sluice 
section 211 and providing a vacuum pressure, typ- 
ically in the range of 0.1 - 100 Pa, optionally 

30 letting out treated substrates from the exit sluice 

section 212; 

2) introducing substrates from the entrance sluice 211 
into the gas section (or gas zone) 210, optionally 
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letting out treated substrates from the gas section 
210 to the exit sluice section 212; 

3) adjusting the extent of plasma, preferably by ad- 
5 justing pressure and voltage to exclude exposure to 

the introduced substrates; 



4) plasma cleaning interior surfaces of object s, e.g. 
electrode surfaces by excluding exposure of the 

10 introduced substrates , e.g. by limiting the extent 

of plasma, and/or by use of a shielding mask; 

5) increasing the extent of plasma to include the in- 
troduced substrates; 



15 



6) introducing at least one reactant gas; 



7) plasma deposition treating the introduced substra- 
tes in at least one plasma reacted gas, alone, in 
20 series, or in combination thereof; and 



8) introducing new substrates into the entrance sluice 
section 211, optionally letting out treated sub- 
strates from the exit sluice section as defined un- 
25 der action (1) - 

"Plasma intensity zones'" 



Fig. 3 shows a cross-sectional view of a sketch of a 
30 preferred embodiment of the plasma treatment apparatus 
similar to that shown in Figs. 2a and 2b, illustrating 
definitions of plasma intensity zones within the section 
defined by the inner electrode. 
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<j> denotes a normalized position with respect to the 
electrode, in this case the position R is normalized with 
respect to a characteristic length Ro of the electrode 
geometry. Here Ro is defined as the shortest distance 
5 from the surface of the inner electrode to a point or set 
of points inside the gas section farthest away from the 
electrode surface. Other ways of defining R 0 can be ap- 
plied depending on the actual geometry , e.g. the charac- 
teristic length R 0 is the average distance to the elec- 
10 trodes. 

■ 

The plasma intensity inside an inner electrode is gen- 
erally not spatially homogeneous. In the section defined 
by the inner electrode 253, two distinct levels of plasma 

15 intensity were observed visually, depending on the dis- 
tance D from the inner surface of the inner electrode 
towards the centre. In a zone 301 adjacent to the inner 
electrode and extending a distance Di towards the centre 
of the gas section, a low level of plasma intensity was 

20 observed. This zone 301, the so-called "Faraday dark 
space", is surrounded by the "plasma" zone 302 in which a 
higher level of plasma intensity is observed. 

It should be noted that in direct current (DC) plasma the 
25 Faraday dark space is indeed dark and appears only at the 
cathode. In alternating current (AC) plasma, however, 
each electrode alternates to function as cathode and 
anode, respectively. Therefore in AC plasma the Faraday 
dark space is characterised by a reduced light intensity 
3 0 rather than by complete darkness, as the wording might 
indicate . 

It is preferred that the extent of the Faraday dark space 
is expressed by a dimensionless parameter £i 
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£1 = Di/Ro, (1) 

wherein R 0 is a characteristic length of a given geometry 
5 of an electrode and gas section. It is given by 

* 

Ro = maxtRmin,!} , for i=l,2,3,..., (2) 

wherein Rmin,i is the shortest distance from the i'th 
10 point in space inside the gas section volume to the elec- 
trode surface. 

In other words, R 0 is here defined as the shortest dis- 
tance from the surface of the inner electrode to the 

15 point or set of points inside the gas section farthest 
away from the electrode surface. For the inner electrode 
and gas section geometry of the present example, R 0 is 
the half of the distance between the two parallel sec- 
tions of the inner electrode, here specifically R 0 =70 mm 

20 was applied. Other definitions of R 0 might be applicable 
depending on the geometry of the electrodes . 

At low pressures, here a pressure P<13 Pa for a preferred 
embodiment studied in further detail, the plasma inten- 
25 sity distribution could be adequately quantified by the 
Faraday dark space expressed by the single parameter <|>i. 
In this case, a higher intensity is visually observed in 
the centre inside the inner electrode. 

30 However, at higher pressures, a further zone 303 of no or 
very low plasma intensity is observed. This zone, the so- 
called "passive dark space", is located in the centre in- 
side the inner electrode. It is surrounded by the plasma 
302; see Fig. 3. The boundary of the passive dark space 
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runs parallel to the inner electrode at a distance D 2 
from the inner surface of the inner electrode. For con- 
venience a dimensionless parameter for D2 is defined, 

5 8 2 = D2/R0 (3) 

For pressures P in the range from about 13 Pa to about 20 
Pa for the present embodiment, the plasma intensity dis- 
tribution can be described by the two parameters 61 and 
10 8 2 . For higher pressures Di becomes too small to be ob- 
served by the naked eye, i.e. Di<l mm. Thus, for prac- 
tical purposes at pressures P>20 Pa, the plasma intensity 
distribution can be described by the passive dark space 
expressed by the single parameter 82- 

15 

The extent of plasma, as it can be visually observed, can 
be described by the dimensionless parameter 8. s can be 
calculated by subtracting the extent of the Faraday dark 

* 

space from the extent of the passive dark space and nor- 
20 malising with respect to the characteristic length of the 
electrode geometry R 0 : 

8 = 82-81 = (D 2 -Di)/R 0 (4) 

25 Fig. 4a shows a graph of e x , the normalized extent of the 
Faraday dark space (see Fig. 3) versus the potential dif- 
ference (in Volts rms) between the two electrodes of an 
exemplary embodiment of the apparatus described in 
example 1 similar to that shown in Figs. 2a and 2b at 

30 various pressures in the range of 0.5 and 10 Pa. 



It can be seen that 8i decreases for increasing pres- 
sures. It is further observed that 81 decreases for in- 
creasing potential difference, whereby a constant value 
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is reached at higher voltages {see example 1 for more 
details) . 

Fig* 4b shows a graph of ei and s 2 (see Fig. 3), defining 
5 the boundaries of the Faraday dark space and the passive 
dark space respectively versus the potential difference 
(in Volt rms) between the two electrodes of the exemplary 
embodiment mentioned for Fig. 4a at intermediate pres- 
sures (13 and 20 Pa) . 

10 

It is observed that e 1 decreases for increasing pressures 
and increasing potential differences. It can be seen that 
e 2 is fairly constant at lower or higher potential dif- 
ferences, but a sudden transition is observed at inter- 
15 mediate potential differences, dependent on the pressure. 
At potential differences higher than this transition 
point, the plasma extents over the whole space defined by 
the electrodes, resulting in 6 2 =1 (see example 1 for more 
details) . 

20 

Fig. 4c shows a graph of s x (see Fig. 3), defining the 
boundaries of the passive dark space respectively versus 
the potential difference (in Volt rms) between the two 
electrodes of the exemplary embodiment mentioned for 
25 Fig. 4a at high pressures (50 and 100 Pa); 

It is seen that £i<0,l at these pressures. This means 
that the optical intensity in the plasma can only be ob- 
served in a small volume close to the inner electrode. In 
3 0 terms of fig 4b, this means that at these pressures the 
transition point lies outside the voltage range used (see 
example 1 for more details) . 
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The boundary of areas with different intensity is a 
gradual one. The figures shown are therefore solely meant 
to indicate that the spatial distribution of the optical 
intensity of plasma on voltage and pressure. 

5 

Fig. 4d shows plots of the total electrical power (in 
Watt) consumed versus the electrode potential difference 
(in Volt rms) between two electrodes of the exemplary 
embodiment mentioned for Fig. 4a at various pressures; 

10 

It can be seen that the power increases with increasing 
pressure and with increasing voltage in the full range of 
pressures and voltages applied, indicating a increase in 
power consumption and thus electrical resistance in the 
15 plasma (see example 1 for more details) . 

Fig. 5b shows a bar chart of the relative peak height of 
selected peaks observed in infrared absorption spectra of 
.plasma deposited coatings before (A, B) and after (A',B') 
20 plasma electrode cleaning carried out at 5 Pa and at dis- 
tances of 10, 30 and 70 mm from the inner electrode of an 
exemplary embodiment of example 1. 

For the upper plate (10 mm) all peaks in the difference 
25 spectrum had disappeared (no absorption for the peaks A' 
and B' at 10 mm in Fig. 5a indicating that the organic 
thin film had been completely removed from the surface of 
this plate during the plasma cleaning. For the middle 
plate (30 mm) and lower plate (70 mm) , the removal of or- 
30 ganic film was less complete at both peaks. The absorp- 
tion peaks in the difference spectra of these two plates 
had been reduced in height but not completely eliminated. 
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Fig. 5b shows a bar chart of the relative peak height of 
selected peaks observed in infrared absorption spectra of 
plasma deposited coatings before (A, B) and after (A' , B ' ) 
plasma electrode cleaning carried out at 50 Pa and at 
5 distances of 10, 30 and 70 mm from the inner electrode of 
an exemplary embodiment of example .1. 

The same general trends that were observed in figure 5a 
can be observed in fig. 5b, i.e. the effectiveness of the 

10 plasma cleaning decreases at increasing distance from the 
inner electrode. The main difference is the overall 
effectiveness of the cleaning plasma, which is consider- 
ably lower at 50 Pa. In fact the thickness of the organic 
thin film on the lower plate appears to have been de- 

15 creased only very little during the high-pressure plasma 
cleaning, if at all. 

Fig. 6 shows a digital photo of stacks of untreated glass 
slides (labelled "UBEHANDLET") and glass slides exposed 
20 to plasma electrode cleaning treatment at 5 and 50 Pa, 
labelled "5 Pa" and "50 Pa", respectively; 

The glass slides present in the high pressure electrode 
cleaning were not discoloured compared to the untreated 
25 ones, while the slides subjected to a low pressure elec- 
trode cleaning process show a discolouration. 

Fig. 7a shows a cross-sectional view along line a-a of 
the sketch shown in Fig. 7b of an embodiment of a plasma 
30 treatment apparatus according to the invention. 

Fig. 7b shows a longitudinal sectional view along line b- 
b of the embodiment shown in Fig. 7a comprising plasma 
measuring means. 
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The plasma treatment apparatus comprises a vacuum chamber 
wall 215 surrounding a gas section 710. The plasma ap- 
paratus comprises an outer electrode 752 and an inner 
5 electrode 753, the outer electrode and inner electrode 
preferably being open concentric electrodes , comprising a 
suitably mechanically stable electrical conductor e.g. of 
stainless steel; the electrodes are connected to a power 
. x supply, here illustrated as an AC power supply creating a 
10 potential difference between both electrodes. 

* * ■ 

The vacuum chamber wall is shielded from the plasma phase 
by a shielding means, here a polyester film (0.125 mm, 
Linatex) surrounding the outer electrode 152 and covering 
15 the top and bottom of the plasma chamber 715. 

A gas inlet 730 and gas feed tube 733 provide supply of 
the feed gases to the gas section. 

20 The gas outlet 720 is .connected to a vacuum pump to pro- 
vide vacuum in the vacuum chamber. 

The plasma apparatus has an inspection window 7 62 f.or 
visually observing the extent of plasma. 

25 

The plasma apparatus comprises a six-channel plasma sen- 
sor, mounted on the substrate holder 7 63 inside the inner 
electrode 753. The construction of this sensor is de- 
scribed in example 5 below. 

30 

Fig. 8a shows a graph of the normalized plasma intensity 
I versus the normalized substrate position <|> at different 
vacuum pressures for pressures P^30 Pa, as measured with 
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the plasma sensor of an exemplary embodiment of a plasma 
treatment apparatus shown in Figs. 7a and 7b. 

It can be observed, that the measured plasma intensity, 
5 normalised to its maximum value {as shown in Fig. 9) , is 
lower in the Faraday dark space, but only becomes nega- 
tive for the lowest pressure value. At these pressures, 
the plasma intensity is relatively homogeneous in the 
centre of the concentric electrodes. The point at <|>=0.81 
10 is the signal of the reference probe, shielded from the 
plasma by ceramic shielding means 744. 

Fig. 8b shows a graph of the normalized plasma intensity 
I versus the normalized substrate position <|> at different 
15 vacuum pressures for pressures P>30 Pa of an exemplary 
embodiment of a plasma treatment apparatus shown in Figs. 
7a and 7b. 

It can be seen that at higher the plasma intensity falls 
20 at longer distances from the inner electrode. This shows 
visually as a passive dark space. At pressures P>200 Pa, 
a plasma could not be generated under the current con- 
ditions . 

25 Fig. 9 shows a graph of the normalized plasma intensity I 
versus the normalized substrate position <J> at different 
potential differences at the electrodes and a pressure of 
40 Pa of an exemplary embodiment of a plasma treatment 
apparatus shown in Figs. 7a and 7b. 

30 

The plasma intensity at this pressure is shown to in- 
crease with higher potential difference between the elec- 
trodes . 
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5 . EXAMPLES 

Preferred embodiments of the invention are illustrated by 
the following examples . 

5 

EXAMPLE 1 "Control of extent of plasma" 

In this example , the extent of plasma as a function of 
pressure and voltage is measured by visual observations. 

10 An apparatus as outlined above and shown in Figs. 2a and 
2b, but without sluices, was used. The apparatus consist- 
ed of a gas section constituted by a 300 L cylindrical 
vacuum chamber with a diameter of 60 cm, with a stainless 
steel wall, and provided with a substrate feed port at 

15 one end and a gas outlet at the other end. 

The port was a stainless steel circular door comprising a 
vacuum flange with a diameter of 60 cm. The port had a 
glass inspection window with a diameter of 10 cm, giving 
20 the possibility of optical inspection. 

The gas outlet was connected to a vacuum pump and pres- 
sure regulation system, as illustrated in fig. la. 

25 The gas section was equipped with an electrode system 
similar to that illustrated in Figs. 2a and 2b, showing a 
front cross-sectional view and a side longitudinal view, . 
respectively. The electrode geometry comprises two elec- 
trodes: an outer electrode and an inner electrode sur- 

30 rounded by the outer electrode, said electrodes being 
substantially concentric . 

In this embodiment, the outer electrode consists of a 
stainless steel plate of thickness 0.5 mm formed as an 
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ellipsoidal tube with an approximately elliptical cross 
section having a width of 540 mm, a height of 240 mm, and 
length of 1000 ram. The outer electrode constitutes a 
volume of approximately 135 litres. 

5 

The outer electrode is tightly wrapped in a clear 
polyester film (0.125 mm, Linatex) , functioning as a 
shield to limit the extent of plasma at the outside of 
the outer electrode 152. It is preferred that this poly- 

■ >» 

10 ester film extends over the full length of the cylin- 
drical chamber for shielding of the inside of the chamber 
walls from the plasma thereby reducing contamination and 
risk of spark generation. 

15 The inner electrode consists of a stainless steel grid of 
thickness 1 mm and grid size 1 cm, formed as an ellip- 
soidal tube with an approximately elliptical cross sec- 
tion, width of 360 mm, height of 140 mm, and length of 
1000 mm. 

20 

The potential difference between the electrodes was sup- 
plied by a 50 Hz AC power supply comprising a step-up 
transformer, a variable transformer, and a current stabi- 
lizer. The electrodes were connected to the high voltage 

25 side of step-up transformers, here Nordelettronica (230V 
rms/50Hz to 700V rms) . The low voltage side of said step- 
up transformers was connected to variable transformers, 
said variable transformers, here Liibcke (220V rms to 0- 
220V rms) , each being connected to one of the phases of a 

3 0 common AC power source, here mains of the European stan- 
dardised 50 Hz, 220 V power grid. The voltage set-point 
is set by tuning the variable transformers. 
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To each electrode, a current "stabilizer is connected, 
here a set of lamps connected in series to stabilise the 
electrical current of each phase. Said set of lamps com- 
prising two conventional lamps (each 230V/150 W, Osram) , 
5 connected in parallel, i.e. 300 W per electrode. 

Similar power supplies were disclosed in International 
Application No. WO 02/95895 ( PCT/DK01/00714 ) the content 
of which is incorporated herein by reference. 

*>. 

10 

A ruler of length 70 mm and width 10 mm was cut from a 
sheet of cardboard and placed vertically on a substrate 

■ 

holder, here positioned on a product tray, comprising a 
stainless steel grid electrically insulated from the 
15 electrodes, and placed at the horizontal symmetry-plane 
of the inner electrode. The ruler extended the distance 
from the substrate tray to 1 mm. below the upper part of 
the inner electrode. 

20 The feed gas, here argon (see further below) , was fed 
through a feed gas pipe 273 terminating at a distance of 
400 mm from the product tray. 

The flow values were set-point values in "standard cubic 
25 centimetres per minute" (seem) for the mass flow control- 
lers used, here Smart Mass Flow 5850S (Brooks Instru- 
ments) . The flow controllers were calibrated against ar- 
gon flow standards in the range 0-500 seem. 

30 Argon was fed to the gas section at a flow rate of 10 
seem and a potential difference was supplied to the elec- 
trodes, using various voltage set-point values at the 
variable transformers. The resulting potential difference 
between the two electrodes comprised a 50 Hz AC potential 
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difference with root mean square values in the range 280 
V to 1120 V. 

For this electrode geometry and power supply average 
5 plasma power density values in the range of 0,01 W/l to 
7.5 W/l were obtained. 

During the experiments, the pressure was regulated by 
controlling the gas outlet using a butterfly valve. The 
10 vacuum pumps used were a roots blower and a rotary vane 
pump (Edwards, EH500 and E2M80, respectively) . 

At various potential differences and pressures, the ex- 
tent of plasma was monitored. This was done by visual 
15 observing the spatial distribution of the optical inten- 
sity in the plasma with respect to the cardboard ruler 
through the inspection window. Only the plasma distribu- 
tion in the gas section inside the inner electrode is 
considered in this example. 

20 

The observations were normalized and expressed as 8i or 
£ 2 , according to the illustration in Fig. 3 and the de- 
scription above. 

25 At all used parameters, the potential difference between 
the electrodes and the total average electrical power 
consumption were measured directly over the electrodes. 

Figs. 4a, 4b, and 4c show the experimentally observed 
30 dependencies of Si and s 2 with respect to the pressure and 
potential difference . 



Fig. 4a shows 8i, the normalized extent of the Faraday 
dark space (see Fig. 3) versus the potential difference 
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* (in volt rms) between the two electrodes at various pres- 
sures in the range of 0.5. and 10 Pa. 

It can be seen that Ei decreases for increasing pres- 
5 sures. It is further observed that Ei decreases for in- 
creasing potential differences, whereby a constant value 
is reached at higher voltages. 

Fig. 4b shows Ei and s 2 , defining the boundaries of the 
10 extent of the Faraday dark space and the extent of the 
passive dark space, respectively versus the potential 

- 

difference (in Volts rms) between the two electrodes at 
intermediate pressures (13 and 20 Pa) . 

15 It is observed that Ei decreases for increasing pressures 
and increasing potential differences . It can be seen that 
e 2 is fairly constant at lower or higher potential dif- 
ferences, but a sudden transition is observed at inter- 
mediate potential differences, dependent on the pressure. 

20 At potential differences higher than this transition 
point, the plasma extents over the whole space defined by 
the electrodes, resulting in e 2 =1. 

Fig. 4c shows a graph of Ei (see Fig. 3) , defining the 
25 boundaries of the extent of passive dark space versus the 
potential difference (in volt rms) between the two elec- 
trodes at high pressures (50 and 100 Pa) . At these high 
pressures, it is seen that Ei<0.1. This means that the 
optical intensity in the plasma can only be observed in a 
30 small volume close to the inner electrode. In terms of 
Fig 4b, this means that at these pressures the transition 
point lies outside the voltage range used. 
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It is generally observed that the visible extent of plas- 
ma s increases with increasing potential difference 
and/or decreasing pressure. At high pressures and limited 
extent of plasma (Fig. 4c), the same dependence of the 
5 extent of plasma on potential difference can not clearly 
be shown using visual observation. 

Fig. 4d shows plots of the total electrical power (in 
Watt) consumed versus the electrode potential difference 
10 (in volt rms) at various pressures. 

It can be seen that the power increases with increasing 
pressure and with increasing voltage in the full range of 
pressures and voltages applied, indicating a increase in 
15 power consumption and thus electrical resistance in the 
plasma . 

From this example it can be concluded that the extent of 
plasma can be controlled by varying pressure and elec- 
20 trode voltage. 

EXAMPLE 2 "Plasma treatments with various extents of 
plasma " 

25 This example illustrates generation of plasma deposits on 
electrodes and samples and removal of these deposits in 
subsequent plasma cleaning treatment with various extents 
of plasma. 

30 For a more quantitative analysis of the extent of plasma, 
transmission Fourier-transform infrared (FT-IR) analysis 
is used on plasma treated NaCl plates. The extent of 
plasma is estimated by placing the plates at different 
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distances from the electrodes during the plasma cleaning 
treatment. 

Example 2a. "Plasma deposition on substrates and elec- 
5 trodes" 

Substrates, here six rectangular NaCl plates of length 
41 mm, width 23 mm, and thickness 4 mm, supplied by Per- 
. x kinElmer were cleaned before use. 

10 

The cleaning procedure comprised using two paper towels 
(E-TORK paper, SCA hygiene products), immobilized on two 
glass plates (instrument supplied by Connecticut Instru- 
ment Corporation, Wilton, USA) . One of the paper towels 

15 was wetted with a solution of 75% ethanol and 25% demin- 
eralised water. The faces of the NaCl plates were rubbed 
three times in a figure "8" pattern over the wet paper 
and subsequently this was repeated on the dry paper. This 
was repeated three times after which the clarity of the 

20 NaCl plates was checked. The clean and transparent NaCl 
plates were stored at 60 °C for drying. 

The newly cleaned and dried substrates were individually 
analysed by transmission infrared (IR) spectroscopy in 
25 the wave number range 750 cm" 1 to 4 000 cm" 1 using a "Spec- 
trum 2000" Fourier-transform infrared ( FT-IR) spectro- 
photometer, supplied by Per kinElmer. 

The six substrates were placed in substrate holders on 
3 0 the product tray of the plasma apparatus described in 
example 1 . 

The substrates were then subjected to argon/hexene plasma 
deposition treatment comprising: exposure to an argon/- 
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hexene-plasma at a pressure of 2 Pa provided by an argon 
flow of 25 seem and a hexene flow of 100 seem; and appli- 
cation of an RMS voltage of 800 V at 50 Hz at an electri- 
cal power of 34 0 W, corresponding to an average plasma 
5 power density of 2.5 W/l, and a duration time of 480 sec- 
onds . 

After the plasma deposition treatment of the substrates, 
both electrodes appeared yellow and less shiny than 
10 before the deposition treatment, indicating presence of a 
plasma-deposited layer on the electrodes. 

After plasma deposition the substrates were again indi- 
vidually analysed by transmission FT-IR spectroscopy. 
15 Difference transmission absorption spectra of plasma 
deposited organic thin films were obtained by subtracting 
spectra of the clean NaCl-plates from the respective 
spectra of the coated NaCl-plates. 

20 The chemical structure of the thin films was deduced from 
the difference spectra which all featured significant 
peaks at the following wave numbers (given in cm" 1 ) : 
1375, 1441, 1458, 2872, and 2932 indicating presence of 
methyl (-CH 3 ) and methylene (-CH 2 -) ; 1625 and 1656 indi- 

25 eating presence of unsaturated hydrocarbon (0=C) ; 1705 
probably indicating presence of carbonyl (C=0) , and a 
broad peak at 3400 indicating presence of hydroxyl (-0H) . 
In short, according to the IR spectra, the resulting thin 
film comprises a partially unsaturated hydrocarbon with a 

30 moderate content of oxygen. The presence of oxygen in the 
thin films is assumed to be caused by residual moisture 
(H 2 0) present in the vacuum chamber at the onset of the 
plasma deposition. 
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The dominating absorption peaks by far were the ones at 
wave numbers 2932 and 1656. Hence only these two absorp- 
tion peaks are considered in the following. 

5 These two absorption peaks were comparable in size in the 
IR spectra of all six substrates, indicating a maximum 
extent of plasma and a homogeneous distribution of plasma 
at the position of the product tray, i.e. in the hori- 
zontal symmetry-plane of the ellipsoidal inner electrode. 

10 

Example 2b. "Plasma cleaning at low pressure, low power 77 

Three of the coated NaCl-plates were placed in individual 
substrate holders at different heights inside the plasma 

15 apparatus described in example 1. The upper surfaces of 
the plates were placed at respective distances of 10 mm 
(upper plate), 30 mm (middle plate), and 70 mm (lower 
plate) from the inner surface of the upper horizontal 
part of the inner electrode 153 (see Fig. 2b only showing 

20 the lowest substrate) . 

The three coated NaCl plates were then subjected to a 
low-pressure plasma cleaning treatment comprising: ex- 
posure to an argon/N 2 0 plasma at a pressure of 5 Pa pro- 
25 vided by an argon flow of 30 seem anci a N 2 0 flow of 30 
seem; and application of an RMS voltage of 720 V at 50 Hz 
and an electrical power of 4 00 W, corresponding to an av- 
erage plasma power density of 3 W/l, and a duration time 
of 25 minutes. 

30 

After the low-pressure plasma cleaning treatment, the 
electrodes appeared shiny and colourless as before the 
deposition treatment. This indicates that the electrodes 
were cleaned in the plasma cleaning process. 
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After the low-pressure plasma cleaning treatment , the 
substrates were individually analysed by transmission FT- 
IR spectroscopy and compared with those before the plasma 
5 cleaning. The peak heights were normalized so that the 
absorption • peak height at wave number 2932 equals 1 for 
the difference spectra of the deposited thin film before 
cleaning. 

10 Fig. 5a shows the relative IR absorption for the peaks 
2932 cm" 1 (A before cleaning and A' after cleaning) and 
1656 cm" 1 (B before cleaning and^B' after cleaning) for 
the plates placed at distances of 10 ram, 30 mm, and 70 mm 
from the surface of the inner electrode. 

15 

For the upper plate (10 mm) all peaks in the difference 
spectrum had disappeared (no absorption for the peaks A' 
and B' at 10 mm in Fig. 5a) indicating that the organic 
thin film had been completely removed from the surface of 
20 this plate during the plasma cleaning. For the middle 
plate (30 mm) and lower plate (70 mm), the removal of or- 
ganic film was less complete at both peaks. The absorp- 
tion peaks in the difference spectra of these two plates 
had been reduced in height but not completely eliminated. 

25 

It appears from Fig. 5a that the thin film has completely 
disappeared at 10 mm distance from the inner electrode, 
at 30 mm distance the peak (A) at 2932 has almost disap- 
peared (A') and the peak (B) at 1656 has been moderately 
30 reduced (B' ) . In fact the peak (B' ) at 1656 is now larger 
than the peak (A') at 2 932. As mentioned above the peak 
at 2 932 stems from aliphatic structures whereas the peak 
at 1656 can be ascribed to unsaturated structures. 
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In conclusion, most of the thin organic film has been 
removed from the middle plate during the plasma cleaning , 
whereas the remainder of the organic thin film has become 
considerably less saturated than the original deposition 
5 thin film after plasma cleaning. The same trends are 
observed for the lower plate; except that both peaks A 
and B have become less reduced than those for the middle 
plate for this lower plate. 

10 These results indicate that the extent of plasma com- 
prises the whole inner electrode volume at the parameters 
used. It can be seen, however that the efficiency of 
plasma cleaning reduces at increasing distance from the 
surface of the inner electrode, showing that the plasma 

15 does not have a homogeneous intensity through out the 
whole volume. 

Example 2c. "Plasma cleaning at high pressure, low power" 

2 0 The Ar/hexene plasma deposition treatment, described in 

example 2a above, was repeated without substrates in the 
chamber. Again, this deposition process resulted in yel- 
low and less shiny electrodes. 

25 The three remaining coated NaCl-plates were placed in 
individual substrate holders at different heights as de- 
scribed in example 2b. The three coated plates were then 
subjected to a high-pressure plasma cleaning treatment 
comprising: exposure to an argon/N 2 0 plasma at a pressure 

3 0 of 50 Pa provided by an argon flow of 30 seem and a N 2 0 

flow of 30 seem; and application of an RMS voltage of 
480 V at 50 Hz and an electrical power of 340 W, cor- 
responding to an average plasma power density of 2.5 W/l, 
and a duration time of 25 minutes. 
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After the high-pressure, low-power plasma cleaning treat- 
ment, the electrodes appeared shiny and colourless as 
before the deposition step. This indicates that the elec- 
5 trodes were in fact cleaned in the high-pressure, low- 
power plasma cleaning process. 

After this second plasma cleaning treatment, the IR 
difference spectra were obtained as described above. The 
10 spectra had changed only marginally, demonstrating that 
plasma cleaning of the electrodes can be carried out at 
high pressure with minimal damage to possible substrates 
outside the extent of plasma, in this case in the passive 
dark space. 

15 

These results surprisingly show that using a higher pres- 
sure and an equal power, the extent of plasma can be ad- 
justed to comprise a range of less than 10 mm around the 
electrodes. This can be used for effectively plasma 

2 0 cleaning the electrodes, while the samples, present at a 

position between 10 and 70 mm from the inner electrode 
are not or only marginally affected by the plasma. 

In example 2d, the influence of power on the extent of 
25 plasma at high pressure is explored. 

Example 2d. " Plasma cleaning at high pressure, high 
power " 

3 0 In order to further investigate the effect of varying the 

electrical power on substrates inside the passive dark 
space the Ar/N 2 0 plasma cleaning treatment described 
above was repeated at high pressure and higher electrical 
power, the higher electrical power resulting from raising 
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the pressure while maintaining the electrode voltage set- 
ting (refer to fig. 4d) . 

The remaining three plasma coated NaCl-plates, not af- 
5 fected by the plasma treatment of example 4c, were placed 
in individual substrate holders at different heights as 
described in example 2b. 

The three coated plates were then subjected to a high- 
10 pressure plasma cleaning treatment comprising: exposure 
to an argon/N 2 0 plasma at a pressure of 50 Pa provided by 
an argon flow of 30 seem and a N 2 0 flow of 30 seem; and 
application of an AC voltage of 720 V (rms) at 50 Hz and 
an electrical power of 700 W, corresponding to an average 
15 plasma power density of 5.2 W/l, and a duration time of 
25 minutes. 

After this plasma cleaning the IR difference spectra were 
obtained as described above and the result is presented 
20 in Fig. 5b. 

The same general trends observed in Fig. 5a can be ob- 
served in Fig. 5b f i.e. the effectiveness of the plasma 
cleaning decreases at increasing distance from the inner 
25 electrode and there is a shift in chemical structure to- 
wards less saturation. 

The main difference between the results obtained at 50 Pa 
compared to that obtained at 5 Pa regards the overall ef- 
30 fectiveness of the cleaning plasma towards the substrates 
which is considerably lower at the higher pressure. In 
fact the thickness of the organic thin film on the lower 
plate appears to have been decreased only very little 
during the high-pressure plasma cleaning, if at all. 
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"Conclusions and discussion of examples 2a-2d" 

The combined results of example 2c and 2d, shows that at 
5 relatively high pressures, the extent of plasma increases 
with increasing power or voltage, i.e. at a higher power, 
an the plasma is more effective over a larger spatial 
range . 

10 The combined results of example 2a-2d illustrate that the 
extent of plasma can be controlled by varying the pres- 
sure and voltage. It is also shown how this can be used 
for cleaning the electrodes, while substrates are present 
in the plasma, apparatus. This application is further 

15 explored in example 3 below. 

EXAMPLE 3 "Glass slides in plasma electrode cleaning pro- 
cess" 

20 Substrates, here 7 microscope glass slides, "G300" sup- 
plied by ProSciTech, of length 76 mm (3 inch) , width 
25 mm (1 inch), and thickness 1 mm were evenly distri- 
buted on the substrate tray of the plasma apparatus 
described in example 1 above whereby the full surface of 

25 said substrates was exposed to the environment inside the 
plasma apparatus . 

The glass slides were subjected to relatively low-pres- 
sure plasma, with a gas composition typically used for 
3 0 cleaning of the plasma generating electrodes (see also 
example 2b above) . 

The glass slides were subjected to a low-pressure Ar/N20 
plasma electrode cleaning treatment comprising: exposure 



wcrw^irv *-\*jr> 



WO 2004/088710 



PCT/DK2004/000240 



67 

to an Ar/N 2 0-plasma at pressure 5 Pa, said plasma being 
provided by an argon flow of 30 seem an N 2 0 flow of 30 
seem, an AC voltage difference of- 720 V (rms) at 50 Hz, 
an electrical power of 400 W, corresponding to an average 
5 plasma power density of 3 W/l, and a duration of 600 
seconds . 

* 

The glass slides were removed from the plasma apparatus 
and stacked. It was observed that the slides had achieved 
10 a faint yellow colour during the plasma cleaning. In the 
following this stack is referred to as "the low-pressure 
plasma treated slides". 

The experiment was repeated with 7 fresh slides but this 
15 time at higher pressure. 

The glass slides were subjected to a high-pressure Ar/N 2 0 
plasma electrode cleaning treatment comprising: exposure 
to an Ar/N 2 0-plasma at pressure 50 Pa, said plasma being 
20 provided by an argon flow of 30 seem an N 2 0 flow of 30 
seem, an AC voltage difference of 500 V (rms) at 50 Hz, 
an electrical power of 400 W, corresponding to an average 
plasma power density of 3 W/l f and a duration time of 600 
seconds . 

25 

The glass slides were removed from the plasma apparatus 
and stacked. No discoloration of these slides was ob- 
served. In the following this stack is referred to as 
"the high-pressure plasma treated slides". 

30 

Also 7 fresh slides were taken from the pack and stacked. 
In the following this stack is referred to as "not plasma 
treated slides". 
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The three stacks were placed next to each other on a 
squared piece of paper and illuminated by a fluorescent 
tube "PL-S 11W/827" supplied by Philips and photographed 
with a "CD Mavica, MVC-CD300" digital camera supplied by 
5 Sony. The resulting digital colour photo was loaded into 
a personal computer (PC) and the colours were balanced 
with the use of a computer program, "Microsoft Photo edi- 
tor" supplied by Microsoft, whereby the image was made to 
accurately reproduce the real set-up. The tuned image was 

10 then converted to a black and white image which is shown 
in Fig. 6, from which it is recognised that the low- 
pressure plasma treated slides shown in Fig. 6<c) marked 
M 5 Pa" are indeed darker than the high-pressure plasma 
treated slides shown in Fig. 6(b) marked "50 Pa". No 

15 difference in colour is observed between the high-pres- 
sure plasma treated slides and the not plasma treated 
slides shown in Fig. 6(a) marked "ubehandlet" . This re- 
sult shows that the extent of plasma can be controlled to 
comprise the area around the electrodes only, making it 

20 possible to carry out electrode plasma cleaning with 
little or no damage to possible substrates placed at a 
given distance from the electrodes. 

This result can be used for integrating electrode clean- 
25 ing and plasma deposition treatment into a single auto- 
mated batch process, reducing production time as further 
described in example 4 below, or used in a sequence of 
automated batch processes. 

3 0 Example 4 "DNA-slide production with integrated electrode 
cleaning" 

International Application No. 02/053299 (PCT/DK01/00870 ) 
the content of which is incorporated herein by reference, 
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discloses a method for preparation of a substrate for 
immobil ising chemical compounds and the substrate and the 
use thereof. 

5 Examples la, 4 and 10 of said document describe plasma 
polymerisation of styrene as a hydrocarbon base coating 
and subsequently plasma polymerisation of acrylic acid 
chloride as a top coating. 

*>. 

10 The resulting plasma . deposited organic thin film has a 
functionality that can be used to bind amino compounds , 
such as organic amino compounds , especially biological 
amino compounds, e.g. amino f unctionalised oligo-DNA, 
proteins, and cells. 

15 

Said functionality was measured using amine-labelled oli- 
gonucleotides (oligo DNA) and their hybridisation coun- 
terparts, as described in example 10 of WO 02/053299. 

20 To obtain reproducible plasma conditions, the plasma 
electrodes had to be plasma cleaned in a separate batch 
before the deposition batch. This plasma cleaning was 
generally performed without the presence of substrates, 
using low pressure and low power, such as the parameters 

25 described in example 2b and 3 in the current application. 

The current example describes a similar process, whereby 
a hydrocarbon base coat and an acrylic acid chloride top 
coat are deposited. These plasma depositions are carried 
30 out in a single batch together with an electrode cleaning 
plasma, performed before the deposition. 
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"Pre-cleaning of substrates" 

The substrates are microscope glass slides that were pre- 
ferably pre-cleaned according to the following procedure: 
5 A rinsing solution is prepared by dissolving 50g of NaOH 
in 3.2 litres of de-mineralised water. The slides were 
washed in the solution at 70 °C for 7 minutes. The slides 
were then washed six times with 3.2 litres of de-minera- 
lised water and dried at 60 °C. 

10 

"Plasma treatments" 



42 pre-cleaned glass slides are then placed in a plasma 
treatment apparatus as described in example 1 . 

15 

In this embodiment , substrates are treated on one side 
only by covering the other side with a cover substrate, 
here a microscope glass slides similar to the deposition 
substrate. 42 pairs of supports and substrates were even- 
20 ly distributed on a product tray, comprising a stainless 
steel grid electrically insulated from the electrodes, 
and placed at the horizontal symmetry-plane of the inner 
electrode. 

25 The electrodes and the substrates are subjected to five 
consecutive gas treatments successively providing a clean 
set of electrodes, a pre-treated substrate surface, a 
base coating on the pre-treated surface, and a top coat- 
ing on the base coating, respectively: 

30 

1) N 2 0/Ar-plasma cleaning treatment of electrodes : expo- 
sure to an N 2 0/Ar-plasma at pressure' 50 Pa, said plas- 
ma being provided by an argon flow of 30 seem, a N 2 0 
flow of 30 seem, an AC potential difference between 
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the electrodes of 500 V (rms) at 50 Hz, an electrical 
power of 400 W, corresponding to an average plasma 
power density of 3 W/l, and a duration time of 600 s 
(As described in example 2, the plasma has a limited 
5 extent at these parameters. It is concentrated around 

the electrodes and does not come into contact with the 
substrates. The extent of plasma is increased for the 
subsequent plasma treatments by reducing the pres- 
sure. ) ; 

10 

2) Ar-plasma pre-treatment of substrate : exposure to an 
Ar-plasma at pressure 1.3 Pa, said plasma being 
provided by an argon flow of 25 seem, an AC potential 
difference between the electrodes of 1000 V (rms) at 
15 50 Hz, an electrical power of 500 W, corresponding to 

an average plasma power density of 3.7 W/l, and a 
duration time of 60 s; 



3 ) Ar/H2~plasma pre-treatment of substrate : exposure to 
20 an Ar-plasma at pressure 0.013 mbar, said plasma being 

provided by an argon flow of 17 seem, H2~flow of 
7 seem, an AC potential difference between the 
electrodes of 1000 V (rms) at 50 Hz, an electrical 
power of 530 W, corresponding to an average plasma 
25 power density of 3.9 W/l, and a duration time of 60 

s; 



4) hydrocarbon base coating of substrates : exposure to an 
hexene/Ar-plasma at a pressure of 0.013 mbar, said 
3 0 base coating plasma being provided by an argon flow of 

25 seem, and an AC potential difference between the 
electrodes of 800 V (rms) at 50 Hz, an electrical power 
of 300 W, corresponding to an average plasma power 
density of 2.2 W/l, and a duration time of 15 s, and 
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5) poly (acrylic acid chloride) top coating of substrates : 
exposure to an acrylic acid chloride/Ar-plasma at a 
pressure 0.025 mbar, said top-coating plasma being 
5 provided by an argon flow of 25 seem, an acrylic acid 

chloride flow of 200 seem, an AC potential difference 
between the electrodes of 500 V (rms) of 50 cycles per 
second, an electrical power of 40 W, corresponding to 
an average plasma power density of 0.3 W/l, and a 
10 duration time of 30 s. 

The treated glass slides were removed from the plasma ap- 
paratus and a new set of pre-cleaned glass slides were 
placed in the chamber and subjected to the five consecu- 
15 tive gas treatments given above. 

The coated glass slides were visually inspected and no 
discoloration was seen. This corresponds to the results 
of example 3 . 

20 

Slides comprising substrate materials such as silicon; 
polymers, such as polypropylene, polystyrene, cycloole- 
f in- copolymers; or metals, such as stainless steel, pla- 
tinum provided similar results. 

25 

" Functionality test of coatings" 

The functionality of the coating was tested ac: >rding to 
the procedure, described in example 10 of WO 02/053299 
30 (PCT/DK01/00870) the content of which is incorporated 
herein by reference, yielding a similar result. 

This shows that the presence of substrates to be coated 
in the gas section during an initial electrode plasma 
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treatment cleaning with a gas plasma of a limited extent 
does not negatively influence the performance of the 
subsequently applied coating. Consequently , the produc- 
tivity of a plasma treatment comprising plasma cleaning 
5 and subsequent plasma deposition can be increased. 

Further, a separate plasma cleaning treatment of the 
electrodes in a separate batch without the presence of 
substrates can be avoided. 

10 

Example 5 "Plasma sensor using electrical charge build- 



In example 1, visual observation of extent of plasma was 
15 used to describe dependence on pressure and potential 
difference. In example 2, the extent of plasma was esti- 
mated on basis of FT-IR analysis on samples at various 
distances from the electrode . 

20 In the present example, an alternative measure of the 
plasma intensity is used, namely the electrical charge 
build-up of objects exposed to the plasma. 

In this example an embodiment of the plasma treatment 
25 apparatus according to the invention was used. The appa- 
ratus, schematically shown in Fig. 7a and 7b, comprised a 
gas section 710, consisting of a 30 L cylindrical vacuum 
chamber with a stainless steel wall 715. The chamber was 
equipped with a two-phase electrode system comprising two 
3 0 concentric electrodes: an outer cylindrical stainless 
steel plate electrode 752 of height 30 cm and diameter 30 
cm, and an inner circular stainless steel grid electrode 
753 of height 30 cm and diameter 25 cm, each electrode 
being connected one the two phases of an alternating cur- 
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rent power supply 755 operating at 50 Hz, said two phases 
being phase shifted 120 degrees. The power supply was 
comparable to the power supply described in example 1 and 
in EP 0 714 404, WO 00/44 207 and WO 02/35 895. The vac- 
5 uura chamber wall 715 was shielded from the plasma phase 
by clear polyester film 741 (0.125 mm, Linatex) . 

The vacuum was supplied by a rotary vane vacuum pump sup- 
plied by Alcatel connected to the vacuum chamber at the 
10 vacuum outlet 720. The feed gas, here argon was supplied 
through a feed gas inlet 730 and gas inlet tube 733, 
feeding the gas into the section inside the electrodes. 
The vacuum chamber was electrically grounded. 

15 A six-channel plasma sensor was made by fixing six elec- 
trically insulated flexible tinned copper wires 766 of 
length 30 cm and with a circular cross-section of area 
0.22 mm 2 , between two plane ceramic plates 7 63, held to- 
gether with grips. From each end of the wires, 3 mm of 

20 the insulation was removed. One end of each wire was pro- 
truding from the slit between the ceramic plates at 20 mm 
intervals and connected to a rectangular plate of tinned 
copper of length 8 mm, width 6 mm, and thickness 0.25 mm, 
here referred to as "probes" 7 65. Each probe was oriented 

25 with its longest sides parallel to the slit. The probes 
were separated from the ceramic plates at a distance of 5 
mm by spacers 7 64 comprising plastic (e.g. PVC, PE) 
cylinders of outer diameter 3 mm. The other end of each 
wire was connected to the low-pressure side of a vacuum 

3 0 proof six-pin electrical feed-through 7 67. On the high- 
pressure side of said feed-through each pin was connected 
to a plug by a wire 768. The probe holder 763 was sup- 
ported by a substrate holder 772. 
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The plasma sensor was arranged inside the inner electrode 
753 with the row of probes of the sensor aligned in the 
radial direction of the inner electrode and all probes 
axially positioned in the middle of the inner electrode. 
5 The outermost and the innermost probes of the sensor were 
positioned 3 mm and 83 mm respectively from the inner 
surface of the inner electrode, the remaining four probes 
being equally spaced of about 20 mm between the inner and 
the outer probe. A ceramic cylinder 744 of length 4 cm 
10 and inner diameter 8 mm was placed around the innermost 
probe in order to electrically shield it from the sur- 

■ 

rounding plasma. Here, the shielded probe is referred to 
as the "reference probe". 

15 Plasma was sustained at the following conditions: Ar-flow 
2 seem, pressure 7.5 Pa, electrode voltage 600 V (rms) , 
and total electrical power consumption of 63 Watt. Be- 
cause of the electrical charge build-up in the plasma, a 
DC voltage difference, V probe , between each probe and the 

20 ground was created. V pr0 be was measured for each probe, 
one by one with a DM-6012 digital multimeter supplied by 
Lutron, schematically drawn in Fig. 7b as an ideal volt- 
meter 781, with a unknown resistance 782 in parallel. 

25 This experiment was repeated at various pressures, P, in 
the range 5 - 200 Pa. The plasma was observed through an 
inspection window 7 62 at the top of the vacuum chamber. 
The pressure was controlled by varying the Ar-flow rate 
and by adjusting the valve between the vacuum chamber and 

30 the vacuum pump. At pressures P>200 Pa the plasma started 
to flicker and at P>300 Pa there was no plasma glow and 
no electrical power consumption. 
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The results are presented in Figs. 8a and 8b, where the 
"normalised plasma intensity", I, given by 

= ^probe/V pr0 be /inax (4) 

5 

Vprobe , max ~ 18.3 V DC, being the maximum value of V probe 
measured with the current set-up, is plotted against the 
normalised probe position, <j> = R/Ro, R being the shortest 
distance from the probe to the inner surface of the inner 
10 electrode and Rq = 125 mm being the radius of the inner 
surface of the inner electrode. 

As can be seen from Figs. 8a and 8b no charge build-up 
was observed for the reference probe. For the regular 
15 probes, positive charge build-up of the probes was gene- 
rally observed. ( J>0) ; only at the lowest pressure a nega- 
tive charge build-up was observed for the outermost 
electrode. This corresponds to the observation through 
the inspection window that at this pressure a clear 

2 0 Faraday dark space was present at the inner electrode 

surface. At higher pressures, the Faraday dark space was 
less clearly distinguishable. Thus it appears that the 
extent of the Faraday dark space, 8i, can be measured by 
the plasma sensor according to the present invention. 

25 

Turning to Fig. 8a it appears that at pressures P<32 Pa 
the normalised plasma intensity is fairly homogeneously 
distributed in the majority of the volume inside the 
inner electrode; only near the inner electrode a lower 

3 0 normalised plasma intensity is observed due to the Fara- 

day dark space near the inner electrode. This agrees well 
with the fact that an apparently homogeneous pla-sma glow 
was observed inside the inner electrode at these pres- 
sures . 
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At higher pressures, see Fig. 8b, the conditions have 
changed; the plasma intensity is no longer homogeneously 
distributed, a higher normalised plasma intensity is ob- 
5 served near the inner electrode. Also, this trend cor- 
responds well with visual observations of the plasma glow 
which becomes gradually weaker in the centre of the inner 
electrode at increasing pressure. 

10 A measure of the "plasma extent" for a given experimental 
set-up is given by the radial distance, e =e 2 - s Xr where 
8 X <8 2 ^1. With the current plasma sensor however, it is 
difficult to define e 2 and thus £. This requires the 
choice of a reference value I ref that defines the intensi- 

15 ty value at position $=e 2 r the boundary of the passive 
dark space. 

To investigate the influence of the applied electrode AC 
potential difference on the charge build-up distribution, 
2 0 a further experiment was conducted in which the pressure 
was held constant at 40 Pa and the applied electrode 
voltage was varied in the range 250 - 1000 V rms. Argon 
was being fed to the chamber at a flow rate of 30 seem. 



25 The result is presented in Fig. 9, where the normalised 
plasma intensity is plotted against <j>. The figure shows 
that the plasma intensity level attains a maximum at 600 
V (rms) and that the plasma becomes more homogeneous as 
the applied electrode voltage is increased. 



A larger passive dark space (I<I re f) is observed at low 
applied voltages and that the extent of said passive dark 
space decreases as the applied electrode voltage is in- 
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creased. This observation agrees well with the visual 
observations - 
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METHOD AND APPARATUS FOR GAS PLASMA TREATMENT WITH CON- 
TROLLED EXTENT OF GAS PLASMA, AND USE THEREOF 



5 CLAIMS 

1. A method of controlling the extent of gas plasma, the 
method comprising: 

10 (A) providing a gas zone (110) , said gas zone comprising 
a gas having a pressure; said gas comprising at least one 
gas component allowing generation of a plasma; 

(B) generating a plasma in said gas zone by supplying a 
15 potential difference between at least two electrodes 

(150) ; said at least two electrodes being configured to 
wholly or partly encompass said gas zone; and 

(C) controlling the extent of said generated plasma by 
20 controlling at least one of: said gas, said pressure, 

said potential difference, and said configuration of said 
at least two electrodes. 

2. The method according to claim 1 wherein said gas is 
25 controlled by controlling the type of said gas, its 

composition, and/or the amount of its components. 

3. The method according to claim 1 or 2 wherein said gas 
zone contains a gas component or a gas composition 

30 selected from the group comprising: 

inert gasses, including noble gasses, preferably He, Ar, 
Ne, Xe; 
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oxidizing gasses, preferably 0 2 , N0 2 , N 2 0, C0 2 ; 

halogen gasses, preferably Cl 2 , F 2 ; 

5 and reducing gasses, preferably H 2 and NH 3 ; 

mixtures of said noble gasses with said halogen gasses, 
said oxidizing gasses, or with said reducing gasses; 

10 a mixture of said halogen gasses with said oxidizing 
gasses, or with said reducing gasses; and 

plasma polymerisable substances, including monomers, 
preferably selected from the group consisting of ali- 

15 phatic hydrocarbons, including C1-C16 alkanes such ethane, 
hexane ; C 2 -Ci 6 alkenes such as hexene, 1-hexene, 3- 
methyl-l-hexene, dienes such as 1, 4-hexadiene, 
butadiene), 1, 4-hexadiene; C 2 -Ci 6 alkynes including 
hexyne, 1-hexyne; aromatic hydrocarbons, including sty- 

20 rene, benzene; substituted benzenes; aromatic monomers of 
styrene compounds; monomers of vinyl compounds, including 
vinylpyrrolidone; acrylate compounds including methyl- 
acrylate, acrylonitrile, glycidylmethacrylate, methacryl- 

m 

acid-anhydride, and acrylic acid chloride, 

25 

and mixtures of said polymerisable substances and said 
inert gasses, halogen gasses, oxidizing gasses and re- 
ducing gasses. 

30 4, A method according to any one of claims 1-3 wherein 
said pressure is controlled by controlling at least one 
gas outlet (120) and/or at least one gas inlet (130) of 
said gas zone. 
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5. A method according to any one of claims 1-4 wherein 
said pressure is in the range including 10 to 200 Pa, 
preferably 20 to 100 Pa, more preferably 30 to 80 Pa, 
most preferably 40 to 70 Pa, and in particular about 50 

5 Pa. 

6. A method according to any one of claims 1-4 wherein 
said pressure is in the range including 0.1 to 50 Pa, 
preferably 1 to 30 Pa, more preferably 2 to 20 Pa, most 

10 preferably 5 to 10 Pa. 

7. A method according to any one of claims 1-6 wherein 
said potential difference is in the range including 200 

15 to 2000 V, preferably 400 to 1500 V, more preferably 600 
to 1200 V, most preferably 600 to 1100 V, and in 
particular 600 to 1000 V. 

8. A method according to any one of claims 1-6 wherein 
20 said potential difference is in the range including 200 

to 2000 V, preferably 200 to 1200 V, preferably 300 to 
800 V, more preferably 300 to 700 V, and most preferably 
300 to 600 V. 

25 9. A method according to any one of claims 1-8 wherein 
said potential difference and said gas zone are adapted 
to provide a plasma power density in the range including 
0.01 to 100 W/l, preferably 0.1 to 10 W/l, more pre- 
ferably 0.1 to 5 W/l, most preferably 0.1 W/l to 3 W/l, 

30 and in particular about 1 W/l. 

10. A method according to any one of. claims 1-9 wherein 
the configuration of said at least two electrodes com- 
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prises at least one of: mutual distance, individual 
shapes, and mutual orientation. 

11. A method according to any one of claims 1-10 wherein 
5 said at least two electrodes are arranged inside said gas 
zone, and/or outside said gas zone, preferably in form of 
concentric electrodes, optionally one of said electrodes 
being in form of a grid. 

10 12. The method according to any one of claims 1-11 
wherein the extent of plasma is modified by introducing 
an additional electrical field, a magnetic field, and/or 
a shield. 

15 13. The method according to claim 12 wherein said shield 
is selected from the group comprising absorbers, reflec- 
tors, deflectors and masks. 

14. The method according to claim 13 wherein said absorb- 
20 ers, reflectors, deflectors or masks comprise a material 
selected from the group comprising metallic, preferably 
stainless steel; non-metallic, preferably glass; and in- 
sulating materials, preferably glass, ceramic, and a 
polymeric material, including rubber, and thermoplastic 
25 materials, preferably polyethylene (PE) , 

Polypropylene { PP ) , polyvinylchloride ( PVC ) , polyamide 
(PA), polyvinyldifluoride (PVDF) , and carbon-filled 
polyethylene; other polymer materials, including non- 
thermoplastic polymers, preferably polyesters; and 
3 0 combinations thereof. 



15. A method according to any one of claims 1-14 wherein 
said extent of plasma is adapted so that at least one 
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object arranged in said gas is exposed, or not exposed, 
wholly or partly to said plasma. 

16. A method according to claim 14 wherein said at least 
5 one object comprises: a substrate; a substrate holder; a 

sensor, preferably a deposition monitoring sensor, or a 
plasma intensity sensor; and a sputtering electrode. 

17. The method according to claim 16 wherein the position 
10 of said substrate, said substrate holder, said sensor 

holder with respect to one of said at least two elec- 
trodes is so that the normalized substrate position <|> is 
in the range including 0.3 to 1, preferably including 0.5 
to 1, in particular including 0.9 to 1. 

15 

18. A method according to any one of claims 1-17 wherein 
said extent of plasma in said gas zone is determined by 
direct measurement. 

20 19. A method according to any one of claims 1-18 wherein 
said extent of plasma in said gas zone is determined by a 
priori calibration . 

20. A method according to any one of claims 1-19 wherein 
25 said voltage difference being generated by power supply 
comprising: a direct current (DC) power supply, an al- 
ternating current (AC) power supply: at sub-radio fre- 
quencies, including main frequencies (50-60 Hz), low fre- 
quencies (LF) , and audio frequencies (AF) ; at radio fre- 
30 quencies (RF) , and at microwave frequencies (MW) . 
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21. A plasma treatment apparatus with controlled extent 
of gas plasma, the apparatus comprising: 

(A) a gas section (110) , said gas section comprising at 
5 least one gas inlet and at least one gas outlet adapted 

for providing a gas having a pressure; 

(B) at least two electrodes (150) , said at least two 
electrodes being configured to wholly or partly encompass 

10 said gas section; 

(C) at least one power supply (155), said at least one 
power supply supplying a potential difference between at 
least two of said at least two electrodes for generating 

15 a plasma in said gas section; 

(D) at least one plasma measuring means (160) for measur- 
ing the extent of the plasma in said gas section with 
respect to at least one of said at least two electrodes; 

20 and 

(E) at least one controlling means (180,191,131) for 
controlling the extent of said generated plasma; said at 
least one controlling means being adapted to control at 

25 least one of: said gas, said pressure, said potential 
difference, and said configuration of said at least two 
electrodes in response to a measurement of said at least 
one plasma measuring means. 

30 22. The apparatus according to claim 21 wherein said at 
least one controlling means comprises means for control- 
ling the type of said gas, its composition, and/or the 
amount of its components. 
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23. The apparatus according to claim 21 or 22 wherein 
said gas section contains a gas component or a gas com- 
position selected from the group comprising: 

5 inert gasses, including noble gasses, preferably He, Ar, 
Ne, Xe; 

oxidizing gasses, preferably 0 2 , N0 2/ N 2 0, C0 2 ; 

■ 

10 halogen gasses, preferably Cl 2 , F 2 ; 

and reducing gasses, preferably H 2 and NH 3 ; 

mixtures of said noble gasses with said halogen gasses, 
15 said oxidizing gasses, or with said reducing gasses; 

a mixture of said halogen gasses with said oxidizing 
gasses, or with said reducing gasses; and 

20 plasma polymerisable substances, including monomers, 
preferably selected from the group consisting of alipha- 
tic hydrocarbons, including Ci-Ci 6 alkanes such ethane, 
hexane ; C 2 -Ci 6 alkenes such as hexene, 1-hexene, 3- 
methyl-l-hexene, dienes such as 1, 4-hexadiene, 

25 butadiene), 1, 4-hexadiene; C 2 -Ci 6 alkynes including 
hexyne, 1-hexyne; aromatic hydrocarbons, including sty- 
rene, benzene; substituted benzenes; aromatic monomers of 
styrene compounds; monomers of vinyl compounds, including 
vinylpyrrolidone; acrylate compounds including methyl- 

30 acrylate, acrylonitrile, glycidylmethacrylate, methacryl- 
acid-anhydride, and acrylic acid chloride, 
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and mixtures of said polymerisable substances and said 
inert gasses, halogen gasses, oxidizing gasses and reduc- 
ing gasses. 



5 24. An apparatus according to any one of claims 21-23 
wherein said at least one controlling means comprises 
means for controlling at least one gas outlet (120), pre- 
ferably a reduction valve (122) controlled by a pressure 
controller (191) and a pressure transducer (190) , and/or 
10 means to control at least one gas inlet (130) , preferably 
a flow controller (131), said means for controlling said 
gas outlet and said gas inlet preferably being controlled 
by a computer (180) . 



15 25. An apparatus according to any one of claims 21-24 
wherein said pressure is in the range including 10 to 200 
Pa, preferably 20 to 100 Pa, more preferably 30 to 80 Pa, 
most preferably 40 to 70 Pa, and in particular about 50 
Pa. 

20 

26. An apparatus according to any one of claims 21-24 
wherein said pressure is in the range including 0.1 to 
50 Pa, preferably 1 to 30 Pa, more preferably 2 to 20 Pa, 
most preferably 5 to 10 Pa. 27. An apparatus according to 

25 any one of claims 21-26 wherein said at least one power 
supply comprises: a direct current (DC) power supply, an 
alternating current (AC) power supply which at sub-radio 
frequencies, include a mains frequency (50-60 Hz) power 
supply, a low frequency (LF) power supply, and an audio 

3 0 frequency (AF) power supply; and which at higher fre- 
quencies include a radio frequency (RF) power supply, and 
a microwave frequency (MW) power supply. 
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28. An apparatus according to any one of- claims 21-27 
wherein said at least one controlling means comprises 
means for controlling said potential difference in the 
range including 200 to 2000 V, preferably 400 to 1500 V, 

5 more preferably 600 to 1200 V, most preferably 600 to 
1100 V, and in particular 600 to 1000 V. 

29. An apparatus according to any one of claims 21-27, 
wherein said at least one controlling means comprises 

10 means for controlling said potential difference in the 
range including 200 to 2000 V, preferably 200 to 1200 V, 
preferably 300 to 800 V, more preferably 300 to 700 v, 
and most preferably 300 to 600 V. 

15 30. An apparatus according to any one of claims 21-29 
wherein said potential difference and said gas section 
are adapted to provide a plasma power density in the 
range including 0.01 to 100 W/l, preferably 0.1 to 10 
W/l, more preferably 0.1 to 5 W/l, most preferably 0.1 

20 W/l to 3 W/l, and in particular about 1 W/l. 

31. An apparatus according to any one of claims 21-30 
wherein said at least one controlling means comprises 
configuration means for controlling the configuration of 

25 said at least two electrodes, said configuration means 
comprising distance-adjusting means for adjusting the 
mutual distance, preferably a telescopic expander, and/or 
a displaceable electrode carrier; shaping means for 
shaping an electrode, preferably a remotely deformable 

30 electrode, and/or a pre-shaped electrode; and orientation 
means for adjusting mutual orientation, preferably a ro- 
tational electrode carrier. 
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32. An apparatus according to any one of claims 21-31 
wherein said at least two electrodes are arranged inside 
said gas section, and/or outside said gas section. 

5 33. The apparatus according to any one of claims 21-32 
wherein said electrodes are made of an electrically con- 
ductive material which is resistant to oxide formation 
and sputtering, preferably stainless steel. 

s. 

10 34. The apparatus according to any one of claim 21-33 
wherein said at least two electrodes comprise a circum- 
ferential electrode, preferably at least two concentric 
ellipsoidal electrodes . 

15 35. The apparatus according to claim 34 wherein one of 
said circumferential electrodes comprise a grid elec- 
trode, preferably the inner electrode being a grid elec- 
trode, more preferably a grid electrode having a grid 
size in the range including 5 to 50 mm, preferably 5 to 

20 20 mm, more preferably about 10 mm. 

36. The apparatus according to any one of claims 21-35 
wherein said at least one plasma measuring means com- 
prises inspection means for optical inspection. 

25 

37. The apparatus according to claim 36 wherein said 
optical inspection means comprises means for visual in- 
spection, preferably said visual inspection means com- 
prises an inspection window, and a telescope. 

30 

38. The apparatus according to claims 36 or 37 wherein 
said inspection means comprises a plasma sensor, or a set 
of plasma sensors, preferably an optical sensor; or an 
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electrical- sensor, in particular an electrical sensor 
comprising a voltage probe and a voltmeter. 

39. An apparatus according to any one of claims 21-38 
5 wherein said at least one controlling means comprises: 

electrical field-generating means for generating an 
additional electrical field, preferably at least two 
electrodes positioned internally and/or externally to 
said gas section; magnetic field-generating means for 
10 generating a magnetic field, preferably at least one mag- 
net, or inductive coil, positioned internally and/or ex- 
ternally to said gas section; and/or shielding means for 
wholly or partly shielding objects not to be exposed to 
plasma. 

15 

40. The apparatus according to claim 39 wherein said 
shielding means is selected from the group comprising 
absorbers, reflectors, deflectors, and masks. 

20 41. The apparatus according to claim 39 or 40 wherein 
said shielding means comprise a material selected from 
the group comprising metallic, preferably stainless 
steel; non-metallic, preferably glass; and insulating 
materials, preferably glass, ceramic, and polymeric mate- 

25 rials, including rubber, thermoplastic material, thermo- 
setting materials, preferably polyethylene ( PE) , 
Polypropylene (PP) , polyvinylchloride (PVC) , polyamide 
(PA), polyvinyldifluoride (PVDF) , carbon-filled 
polyethylene, polyesters, and combinations thereof. 

30 

42. An apparatus according to any one of claims 21-41 
wherein said at least one controlling means comprises 
means for arranging at least one object in said gas sec- 
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tion so that said at least one object is exposed, or not 
exposed, wholly or partly to said plasma. 

43, The apparatus according to claim 42 wherein said at 
5 least one object comprises: a substrate; a substrate 
holder; a sensor, preferably a deposition monitoring sen- 
sor, or a plasma intensity sensor; and a sputtering elec- 
trode . 

10 44. The apparatus according to claim 4 3 wherein the 
position of said substrate with respect to one of said at 
least two electrodes is so that the normalized substrate 
position <|> is in the range including 0.3 to 1, pre- 
ferably including 0.5 to 1, in particular including 0.9 

15 to 1. 

45. The apparatus according to any one of claims 21-4 4 
further comprising a sluice for introducing into or for 
removing from the gas section at least one substrate. 

20 

46. The apparatus according to claim 45 wherein said 
sluice comprises an entrance sluice section, said en- 
trance sluice section comprising a first product valve 
for introducing said substrate holder and/or at least one 

25 substrates therein; and a second product valve for 
introducing said substrate holder and/or at least one 
substrate into said reaction section; a gas outlet for 
evacuating said entrance sluice section; and a gas inlet. 

30 47. The apparatus according to claims 45 or 46 wherein 
said sluice comprises an exit sluice section, said exit 
sluice section comprising a first product valve for re- 
moving said substrate holder and/or at least one sub- 
strate from said gas section; and a second product valve 
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for removing said substrate holder and/or at least one 
substrate from said exit sluice section; a gas outlet for 
evacuating said exit sluice section; and a gas inlet. 

5 48. Use of a method of controlling the extent of plasma 
as defined in claims 1-20 in a method comprising plasma 
treatments and/or plasma-assisted surface modification of 
electrodes and/or substrates , preferably including plasma 
cleaning, plasma etching, plasma activation, and plasma 
10 deposition of electrodes, substrates/ or both. 

49. Use of a plasma treatment apparatus as defined in 
claims 21-47 in a method comprising in plasma treatments 
and/or plasma-assisted surface modification of electrodes 

15 and/or substrates, preferably including plasma cleaning, 
plasma etching, plasma activation, and plasma deposition 
of electrodes, substrates, or both. 

50. Use according to claims 48 or 49 wherein plasma depo- 
20 sition comprises plasma polymerisation, and/or metalliza- 
tion . 

51. Use according to claims 48 or 49 wherein plasma acti- 
vation comprises radical formation, and/or oxidation, or 

25 reduction. 

52. A method of plasma electrode cleaning, the method 
comprising controlling the extent of a plasma according 
to a method as defined in claims 1-20, and/or using an 

30 apparatus as defined in claims 21-47 wherein said extent 
of plasma in said gas zone and/or in said gas section 
does not contact a substrate, or a part thereof, and 
wherein said gas zone and/or said gas section contains a 
cleaning gas . 
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53, A method of plasma deposition, the method comprising 
controlling the extent according to a method as defined 
in claims 1-20, and/or using an apparatus as defined in 

5 claims 21-47 wherein said extent of plasma in said gas 
zone and/or in said gas section extends to contact with a 
substrate, or a part thereof, and wherein said gas zone 
and/or said gas section contains a substance to be plasma 
deposited on said substrate. 

10 

54. A method of preparing a substrate by plasma treat- 
ment, the method comprising: 

(a) optional pre-cleaning the substrate by wet chemical 
15 cleaning; 

(b) introducing said optionally pre-cleaned substrate 
into the reaction section of a plasma deposition ap- 
paratus comprising at least two electrodes as defined 

20 in claims 21, 32-35; 

(c) plasma cleaning said at least two electrodes by con- 
trolling the extent of plasma according to a method 
as defined in claims 1-20 wherein said extent of 

25 plasma in said gas zone and/or in said gas section 

does not extends to contact with the substrate, or a 
part thereof; 

(d) optionally pre-treating the substrate by an inert gas 
3 0 plasma; 

(e) optionally pre-treating the substrate by a reducing 
gas plasma; 
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(f) optionally treating the optionally pre-treated sub- 
strate by a base coat deposition gas plasma; and 

(g) treating the optionally base-coat treated substrate 
5 by a top coat deposition gas plasma; 

wherein said treatments (c)-(g) comprise controlling the 
extent of plasma according to a method as defined in 
claims 1-20 wherein said extent of plasma in said gas 
10 zone and/or in said gas section extends to contact with 
the substrate, or a part thereof. 

55. A method according to claim 54 wherein the pressure 
is reduced to increase in extent of plasma to contact 
15 with the substrate for said treatments (c)-(g). 

. 56. A method according to claims 54 and 55 wherein said 
inert gas comprises argon; said reducing gas comprises 
hydrogen; said base coating deposition gas plasma com- 
20 prises hexene; and said top coat deposition gas plasma 
comprises an acid halide, preferably acrylic acid chlor- 
ide, or acrylonitrile . 

57. A method according to any one of claims 54-56 wherein 
25 said substrate comprises a material selected from the 
group comprising glass; silicon; metal, preferably stain- 
less steel, platinum; polymer, preferably polystyrene, 
polypropylene, and rubber, preferably silicone rubber. 

30 58. A method according to any one of claims 54-57 wherein 
said substrate is in form of a microscope slide for bio 
assays . 
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59. A plasma treatment apparatus, the apparatus compris- 
ing: 

(A) a gas section (110), said gas section comprising at 
5 least one gas inlet and at least one gas outlet for pro- 
viding a gas at a given pressure; 

(B) at least two electrodes (150), said at least two 
electrodes being configured to wholly or partly encompass 

10 said gas section; 

(C) at least one power supply (155), said at least one 
power supply supplying a potential difference between at 
least two of said at least two electrodes for providing a 

15 plasma in said gas; 

(D) a sluice (211, 216; 212, 217) for introducing and/or 
removing a least one substrate into and/or from said gas 
section. 

60. The apparatus according to claim 59 wherein said 
sluice comprises an entrance sluice section, said en- 
trance sluice section comprising a first product valve 
for introducing said substrate holder and/or at least one 
substrates therein; and a second product valve for intro- 
ducing said substrate holder and/or at least one sub- 
strate into said gas section; a gas outlet for evacuating 
said entrance sluice section; and a gas inlet. 

61. The apparatus according to claims 59 or 60 wherein 
said sluice comprises an exit sluice section, said exit 
sluice section comprising a first product valve for 
removing said substrate holder and/or at least one sub- 
strate from said gas section; and a second product valve 



20 



25 
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for removing said substrate holder and/or at least one 
substrate from said exit sluice section; a gas outlet for 
evacuating said exit sluice section; and a gas inlet. 
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